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9951 P 
Mechanism of Zinc Sulphate Prophylaxis in Experimental 
Poliomyelitis. : 


E. W. ScHULTZ AND L. P. GEBHARDT. 


From the Department of Bacteriology and Experimental Pathology, Stanford 
University, California. 


We have previously reported’ that the application of 1% zinc 
sulphate to the olfactory mucosa of monkeys affords protection 
against poliomyelitis virus inoculated intranasally one or more 
months later. The basis of this protection is not yet understood. 


1 Schultz, E. §., and Gebhardt, L. P., J. Am. Med. Assn., 1937, 108, 2182. 
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Nasal mucous membranes removed a week or more after treatment 
generally present a normal appearance. Recently, however, we 
have studied membranes removed several hours to several days 
after treatment with varying concentrations of zinc sulphate solu- 
tion. 

With a little experience it is possible to remove olfactory 
mucosa, olfactory nerve filaments and olfactory bulbs, of both 
sides, all in one piece. These have been embedded and sectioned 
tangentially. Such sections afford the orientation necessary for a 
satisfactory study of the olfactory mucosa and related structures 
and within limits allow comparison of treated and untreated sides. 

Our observations show that by the end of the first day, there may 
be a marked acute inflammation, associated with some desquamation 
and necrosis of epithelial cells. Following treatment with 1.5% 
zinc sulphate solution, this change may be so marked that much of 
the olfactory mucosa loses its epithelium. The inflammatory reac- 
tion tends to subside quickly and is followed promptly by regenera- 
tion. By the end of the 2nd day denuded areas may be again cov- 
ered with an epithelium consisting of flat or cuboid cells with many 
cells showing mitosis. By the end of the 3rd, 4th or 5th day the 
epithelial surface again appears normal, except for some disorder in 
the arrangement of the cells and for a few scattered collections of 
PMN cells. 

It is generally held that destroyed nerve cells are not restored. 
We are, however, not aware of any observations proving that this 
holds also for olfactory cells. Should the protection induced in mon- 
keys by zinc sulphate be the result of a destruction of olfactory 
cells and not the result merely of an injury or chemical change in 
the dendrites of the olfactory neurons, it would then seem to follow 
that these structures are in reality regenerated in some way. This 
statement is justified in part on the ground that the majority of 
treated resistant monkeys become susceptible again in 2 to 4 months. 
Either the protection is not associated with a complete destruction 
of olfactory cells or certain cells in the olfactory area are dif- 
ferentiated into cells capable of forming axons and dendrites and of 
eventually restoring function. Such a provision does not seem 
entirely unlikely in a structure which is probably not altogether 
free of the risk of naturally induced injuries. 

During the past summer, zinc sulphate solution was applied to the 
olfactory mucosa of several thousand persons. A thorough appli- 
cation is said to always produce an anosmia. In children, this dis- 
appears within 2 weeks. In adults, however, the sense of smell 
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may not return for several months. This, together with the fact 
that adults frequently suffer severe pain immediately following 
treatment, suggests that these differences may be explained on an 
anatomic basis. In adults, the superior meatus is narrower than in 
children,’ it may indeed be narrow and deep enough to contribute 
materially to capillary attraction. This would result in the solution 
being held in contact with the mucosa for a longer period of time 
and thus add not only to the discomfort, but also to the duration of 
chemical action on the cells. The question of the possible risk of 
inducing permanent anosmia by such more prolonged and uncon- 
trolled drug action will not be discussed here; nevertheless, it is 
of considerable theoretical interest that a few cases in adults are 
known to us in whom the sense of smell has been completely, or 
nearly completely regained after an anosmia lasting 2 to 4 months. 
This is in harmony with our observation that treated monkeys 
generally become susceptible again to intranasal inoculation of virus 
within 2 to 4 months after treatment. This raises the question, 
what is the mechanism underlying these late restorations of func- 
tion in man and of susceptibility to infection in monkeys? 
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Listerella Monocytogenes: A Cause of Meningo-Encephalitis in 
an. 


E. W. Scuuttz, M. C. Terry, A. T. Brice, Jr., AND L. P. 
GEBHARDT. 


From the Laboratory of Bacteriology and Experimental Pathology, Stanford 
University, and U. 8. Veterans’ Hospital, Palo Alto, California. 


In a preliminary note’ we reported the isolation from a human 
case of meningo-encephalitis of a new organism which we identified 
with the genus Corynebacterium. We wish at this tme to report 
additional observations and to correct the classification of the 
organism. 

The clinical history of the case is described in the preliminary 
note and has been more fully presented by Marcellus, Crouch and 


2 Shahinian, L., Bacher, J. A.. McNaught, R. C., and Newell, R. R., J. Am. 
Med. Assn., 1938, 110, 1254. 

1 Schultz, E. W., Terry, M. C., Brice, A. T., and Gebhardt, L. P., Proc. Soc. 
Expr. Broun. AND Mep., 1934, 31, 1021. 
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Terry.” A noteworthy fact is that the organism was cultured from 
the spinal fluid of this patient 12 times over a period of nearly 4 
months, though the period of acute illness lasted less than 2 weeks. 

A month after our report, Burn® in Connecticut reported the 
isolation of a similar organism from 3 fatal cases of meningo-en- 
cephalitis in infants. Later,* he reported a fourth fatal case, this 
time in an adult, and identified his strains with the genus Listerella. 
In this paper he refers also to a case reported to him by Dr. W. 
Allen of Hartford, Connecticut. From a fatal case of meningitis 
in a human adult in Scotland, Gibson’ isolated an organism which 
he thought belonged to the genus Corynebacterium. Morphologi- 
cally and culturally the organism resembled our strain. In Norway, 
Tesdal® described a case of fatal meningitis in man “caused by a 
Corynebacterium.” His description of the organism, however, 
suggests a Listerella. More recently Carey’ in Massachusetts has 
isolated a Listerella from a case of acute cerebrospinal meningitis in 
a boy. This patient recovered. These seem to comprise all the 
cases of human infection known to have been caused by Listerella. 

Since publishing our preliminary note* our organism has been 
definitely identified as Listerella monocytogenes, originally described 
by Murray, Webb and Swann*® and isolated by them from a spon- 
taneous disease in rabbits characterized by monocytosis. Similar 
organisms have also been recovered from a variety of diseases in 
animals, including a plague-like disease in gerbille in South Africa, 
meningo-encephalitis in sheep and in cattle, and a disease in chick- 
ens associated with massive myocardial necrosis (for a review see 
Seastone® and Jungherr’®). 

The morphology of the organism is described in our preliminary 
report. Grown on most media it is a short plump (0.5x1-2 p) 
gram-positive rod. On certain media it shows marked variation 
in size and form.* We wish to emphasize a morphological feature 
easily overlooked, namely, the presence of flagella and of motility. 


2 Marcellus, M. B., Crouch, E. L., and Terry, M. C., Northwest. Med., 1936, 
35, 50. 

3 Burn, C. G., (a) Proc. Soc. Exp. Biot. aND MED., 1934, 31, 1095; (b) Am. J. 
Path., 1935, 11, 856. 

4 Burn, C. G., J. Bact., 1935, 30, 573; Am. J. Path., 1936, 12, 341. 

5 Gibson, H. J., J. Path. and Bact., 1935, 41, 239. 

6 Tesdal, M., Acta Med. Scand., 1934, 83, 351. 

7 Carey, B. W., J. Pediatr., 1936, 8, 626. 

8 Murray, E. G. D., Webb, R. A., and Swann, M. B. R., J. Path. and Bact., 
1926, 29, 407. 

9 Seastone, C. V., J. Hap. Med., 1935, 62, 203. 

10 Jungherr, E., J. Am. Vet. Med, Assn., 1937, 91, 73. 
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We originally classified our strain as a Corynebacterium solely be- 
cause non-motile, gram-positive, non-acid fast, non-spore bearing, 
aerobic, rod-like bacteria are usually placed in this genus. Both 
Gibson® and Tesdal® classified their strains as Corynebacteria. Burn*® 
reported his strains as “very sluggishly motile’; later,*> he stated 
that he had been unable to demonstrate either motility or flagella 
and in a final report,* that “there was evidence of true motility.” 
The observations of Seastone® have been particularly helpful on 
this point, both with regard to the type motility exhibited by these 
organisms and the limited cultural conditions under which it is seen. 
As he has pointed out, it is seen best in 4-hour dextrose broth cul- 
tures. He found the type of motility to be rather unusual: “In any 
one field in a hanging drop, a few individuals will be seen actively 
moving in a tumbling or spiral manner. These may cease and 
others commence, often with a preliminary violent spinning.” 
With a modified Leifson flagella strain he demonstrated flagella. We 
have been able to confirm these observations. 

We have compared the cultural and biochemical properties of our 
strain with 11 other strains of Listerella. These include a strain 
from Murray, et al., (58.xxiii) ;° the Pirie strain,** 4 human strains 
isolated by Burn* and 4 animal strains (Fowl 5407, D-82N. Calf 
1864, Cow B-1946) from Seastone® and the human strain isolated 
by Gibson.’ All have presented essentially the same characters of 
growth and biochemical properties previously described* for our 
strain. All strains form colonies which are circular, sharply cir- 
cumscribed, finely granular, domes or cones. At the summits of 
some there may be a characteristic umbilication or “mortar splash.” 
Viewed by soft indirect light at a magnification of about 30X the 
colonies are steel gray, silvery, lusterous arcs or cones, which readily 
reflect the grating of windows or other objects focused on them. 
On blood agar the colonies are surrounded with a zone of partial 
(almost complete) hemolysis. On superficial examination the 
growth on blood agar plates resembles somewhat that of strepto- 
cocci. All strains ferment xylose, dextrose, levulose, sucrose, mal- 
tose, lactose, soluble starch (Pfanstiehl), rhamnose, dextrin and 
glycerol. Sucrose, lactose and glycerol are fermented late. Galac- 
tose is fermented feebly or not at all. A trace of acid was formed 
by 3 strains, including our strains, the Murray strain and a 
strain (D-82N) obtained from Seastone; the remainder did not 
attack this carbohydrate. None attacked arabinose, inulin, raffinose, 
erythritol, mannitol, dulcitol, adonitol, or inositol. All reduced lit- 


11 Webb, R. A., and Barber, M., J. Path. and Bact., 1937, 45, 523. 
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mus, but none reduced nitrates. None digested coagulated blood 
and none liquefied gelatin. Lead acetate agar was not blackened 
and no indol was formed. 

Antisera prepared against our strain agglutinate the Murray, the 
Pirie and the Gibson strains in about the same dilutions of serum 
(1:5120); while the same antisera agglutinate the Burn and the 
Seastone strains only in low dilutions (1:80 to 1:160). Sera pro- 
duced against the Burns and Seastone strains agglutinate these 
strains in high dilutions, but the Murray, Pirie, Schultz and Gibson 
strains only in low dilutions or not at all. These observations har- 
monize with previous reports (Seastone,? Webb and Barber**) and 
confirm the fact that the New England strains, while morphologi- 
cally, culturally and biochemically similar to our strain and to the 
British strains, differ serologically. 

No Listerella infections in animals have thus far been reported 
on the Pacific Coast, and the source of the infection in our case 
has remained a mystery. 

While this report was waiting to be written up, an account of a 
comparative study of some of these Listerella strains by Webb and 
Barber" appeared. This note confirms and supplements their ob- 
servations. 
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Suppression of Pars Intermedia of Pituitary Body in Hyla regilla 
by Operations Upon the Gastrula. 


ARTHUR B. Burcu. (Introduced by J. Frank Daniel.) 
From the Department of Zoology, University of California, Berkeley. 


The dual character of the pituitary body and the constant asso- 
ciation of its neural and epithelial components throughout the ver- 
tebrate sub-phylum, have raised the question of whether or not asso- 
ciation of the components is necessary for the development of the 
gland. Blount (1930), Etkin (1935) and Atwell (1935, 1936) 
have contributed toward the solution of the problem by means of 
grafting experiments, performed upon tail-bud stages of early 
larvae of various amphibian species. This paper is a preliminary 
account of results obtained by means of a different attack upon the 
problem. 

Smith (1916), Allen (1916) and Atwell (1919) have shown 
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that hypophysectomy in the early anuran larva produces a pigmen- 
tary condition which is characterized by aggregation of the melanin 
granules in the melanophores, dispersion of the pigment granules of 
the Xantholeucophores and a general reduction of free melanin in 
the epidermis. Such tadpoles are silvery-white in appearance and 
have been described as “albino”. This pigmentary condition has 
been shown to prevail in the absence of the pars intermedia of the 
pituitary body. 

It has been possible to produce the pars intermedia deficiency syn- 
drome in tadpoles of Hyla regilla in 2 different ways, by microsurgi- 
cal operations made as early as the gastrula stage. 

In the first operation a small, rectangular piece of tissue, in- 
cluding the 3 germ layers, is removed from the presumptive medul- 
lary region, at a position approximately 95 degrees forward from 
the dorsal lip of the closing blastopore. This piece of tissue, the 
width of which is about one-fifth that of the gastrula, is turned 
end for end and reimplanted. Thus the lateralities of the tissue are 
reversed, but more important in this connection is the fact. that 
originally anteriorly situated materials are shifted to a more pos- 
terior position and vice versa. Tadpoles derived from these gastrulze 
are “albino”’. 

Microscopic sections of these experimental larve reveal that the 
infundibular region of the brain has been shifted to a position pos- 
terior to its normal location, and forms from the floor of the myelen- 
cephalon instead of from the diencephalon. In the course of de- 
velopment, the pars buccalis arrives at its definitive location, at the 
anterior end of the notochord, but fails to reach the infundibulum. 
The pars buccalis remains as a small, darkly staining, comparatively 
undifferentiated mass of tissue. This microscopic picture has been 
found in every one of 14 serially sectioned larve which had been 
picked at random from a total of 67 experimental “albinoes”’. 

A second series of experiments, which also causes the pars inter- 
media deficiency syndrome involves the transplantation of the gas- 
trular anlage of the pars buccalis. By means of vital staining tech- 
nic this anlage has been located at a position in the midline of the 
embryo, approximately 160 degrees forward from the dorsal lip of 
the blastopore. The presumptive pars buccalis, together with its 
substrate, is excised and interchanged with a small square of tissue 
taken from the dorsal side of the gastrula a short distance anterior 
to the dorsal lip of the blastopore. This latter piece of tissue in- 
cludes the 3 germ layers. 

Microscopic sections of tadpoles derived from these gastrulz 
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show the pars buccalis to be entirely lacking in its normal location 
beneath the infundibulum. It is present, however, as a distant and 
characteristic body of cells closely applied to the floor of the myelen- 
cephalon, where it appears to have induced an hyperplasia of the 
adjacent tissue of the hindbrain. At this position, a section of the 
notochord is missing, but this segment of the notochord is to be 
found just anterior to the infundibular recess, beneath the fore- 
brain. It is to be remembered that the rudiment of this piece of 
chorda was placed in the position normally occupied by that of the 
pars buccalis in the gastrula stage. Since at that time chordal 
material was irreversibly determined, its occurrence in this anterior 
situation was to have been expected. 

By the first experiment it is shown that prevention of contact 
between the pars buccalis and nervous tissue, by microsurgical in- 
tervention at an early embryonic stage, is equivalent to removal of 
the pars intermedia at a later stage, since the development of the pars 
intermedia is suppressed. The second experiment establishes the 
location in the late gastrula of the presumptive pars buccalis, and in- 
dicates that the neural tissue necessary to cause the differentiation 
of the pars intermedia is more or less specific. Although it cannot 
be said at this time that the infundibular region of the brain pos- 
sesses the inductive power exclusively, it is believed that tissue 
with this power must be similar to that of the infundibulum. It is 
suggested that the ependymal cells may have this capacity. 


9954 
Adrenal Cortical Hormone (Cortin) in Blood and Urine of 
Patients with Cushing’s Disease.* 


EVELYN ANDERSON AND WeExBB HaAyMAKER. (Introduced by H. 
M. Evans. ) 


From the Institute of Experimental Biology and Department of Medicine, 
University of California. 


Evidence has been accumulating which tends to support the hy- 


* Aided by grants from the Board of Research of the University of California 
and the Rockefeller Foundation of New York City. 

We wish to acknowledge assistance rendered by the Federal Works Progress 
Administration, Project No. 7787. 

We are indebted to Dr. George F. Cartland of the Upjohn Company, Kala- 
mazoo, Michigan, for supplying us with adrenal cortex extract. 
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pothesis that the symptoms of Cushing’s disease are due to a hyper- 
function of the adrenal cortex.’ If this is true, one might expect 
to find an increased amount of adrenal cortical hormone (ACH) in 
the blood of these patients. We have previously shown that the 
sera of patients with Cushing’s disease, when injected into adrena- 
lectomized rats, prolong the survival period of these animals beyond 
that of untreated controls.* The present communication reports the 
fact that extracts of the patients’ blood and urine prepared by a 
method used for extracting ACH from adrenal tissue will also pro- 
long the lives of adrenalectomized rats. This would seem to add 
further support to the hypothesis that Cushing’s disease is due to 
an overproduction of the adrenal cortical hormone. 

Grollman and Firor*® have demonstrated that ACH can be ob- 
tained from the urine of normal adults in very small amounts. 
Utilizing as their standard the growth and the prolongation of life in 
adrenalectomized rats, they found that one liter of urine contains 
an amount of hormone (ACH) corresponding to 0.5 g of glandular 
tissue. 

Extracts were made of the blood of 3 patients with unmistakable 
Cushing’s disease. In one case the urine was also extracted. Ina 
fourth patient, a girl of 5 with an adrenogenital syndrome, the 
urine was tested in the same way. The extraction was carried out 
according to the method of Grollman and Firor, using benzene. The 
residue from 100 cc of blood was taken up in 10 cc of olive oil. The 
residue from a 24-hour urine specimen was also taken up in 10 cc 
olive oil. The extract was injected subcutaneously in doses of 0.1 cc 
daily into male rats adrenalectomized at one month of age. Only 
those rats which had gained at least 5 g in weight by the fifth post- 
operative day were used for the assay. It was found that rats which 
had not gained this amount were likely to die in 2 or 3 days, probably 
as the result of the operation, even when significant amounts of 
ACH (Upjohn’s preparation) were given. The assay. injections 
were started on the fifth day. 

The test animals were fed a stock diet consisting of : 


Whole wheat 67.5 
Casein 15.0 
Whole milk powder 10.0 
NaCl 1.0 
CaCOz 16 
Milk fat 5.0 


1 McQuarrie, I., Johnson, R. M., and Ziegler, M. R., Endocrinol., 1937, 21, 762. 

2 Anderson, E. M., and Haymaker, W., Science, 1937, 86, 545. 

3 Grollman, A., and Firor, W. M., Proc, Soc. Exp. Bron. AnD MeEp., 1933, 30, 
669. 
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On this diet the average survival period of adrenalectomized rats 
from our colony and of this age was 16 days. In order to shorten 
the survival period, a solution of 0.5% KC] was given in the drink- 
ing bottles in place of tap water. This reduced the average survival 
period to 8.1 days. 

The results of this study are given in Table I. It is evident that 
the adrenalectomized rats receiving extracts of blood and urine from 
patients with Cushing’s disease survive a longer period that the un- 
treated controls, An attempt has been made to estimate roughly 
the potency of these extracts by comparison with known amounts 
of ACH (Upjohn). It would appear that 1 cc of blood from a pa- 
tient with Cushing’s disease contains an amount of ACH equivalent 
to slightly more than the hormone content of 4 g of fresh adrenal 
glands. A 24-hour urine specimen may contain an amount equiv- 
alent to 400 g of tissue. The urine of the patient with the adreno- 
genital syndrome showed no significant amount of ACH; however 
the patient did excrete androgenic hormone as follows per 24 hours: 
5 IU of free androgenic hormone and 33 IU of hydrolyzable andro- 
genic hormone. 

The question might be raised whether the presence of oestrin or 
of prolan, which may both be present in the urine, might prolong 
the life of adrenalectomized rats, but Grollman and Firor found 
that these substances had no effect upon prolonging the lives of 
these animals. This is being checked further in a special study. 

Conclusion, Patients with Cushing’s disease have in their blood 
an excess amount of a substance which resembles adrenal cortical 
hormone in its ability to prolong the life of the adrenalectomized rat. 
Furthermore, this substance is excreted in significant amounts by 
the kidneys. 
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Effect of Vitamin A Deficiency upon Rate of Pupil Dilation 
During Dark Adaptation. 


I. H. WAGMAN AND J. E. GuLiBerc. (Introduced by J. M. D. 
Olmsted. ) 


From the Division of Physiology of the Medical School, and the Department of 
Zoology, University of California, Berkeley. 


Wald has recently shown that there is a definite chemical rela- 
tionship between visual purple in the retina and vitamin A. The 
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visual processes of light and dark adaptation form a cycle, vitamin 
A being the breakdown product of visual purple, as well as the 
precursor. It is found mainly in the light adapted retina, and only 
a trace exists in the dark adapted one. The latter, however, con- 
tains relatively large amounts of visual purple.” * 

Wald has further shown that bleached isolated retinas contain 
much more vitamin A than retinas from light adapted animals. He 
concludes from this that the visual purple system loses vitamin A 
and relies upon the diet for its replacement. These results form an 
excellent basis for the explanation of night blindness caused by 
vitamin A deficiency. 

If the stimulation of the rods, in which the visual purple is con- 
tained, has anything to do with the pupillary reflex, the measuring 
of the rate of dark adaptation, determined by changes in pupil diame- 
ter, might form the basis for an objective test for the determination 
of night blindness. 

The experimental work done thus far consists of the measuring of 
the rate of pupil dilation during dark adaptation, by a method pre- 
viously described.* This, in brief, involved the constricting of the 
pupil by an intense stimulus light followed by the taking of a series 
of photographs in virtually complete darkness, by means of an infra- 
red source of light. The rate of pupillary constriction was also 
determined in the latter pane of the experiments, using a method 
described in a later paper.* 

Nine rabbits, from 6 to 8 weeks of age, were placed on the vita- 
min A-free diet, consisting of rolled oats, 60 parts; dry skimmed ‘ 
milk, 30 parts; and dry brewer’s yeast, 10 parts. A few drops of 
Viosterol were administered by mouth every week. 

A series of the photographic measurements was taken to deter- 
mine the pupil dilation during dark adaptation on each animal be- 
fore it was placed on the restricted diet. The group was then 
divided into 2, and the measurements were repeated every week, 
taking each half alternately. 

The diet and measurements were kept up for 92 days, during 
which time weight records of each animal were obtained. There 
was a steady rise in weight until the 56th day, when 2 of the rabbits 
showed a loss in weight. By the 7Oth day, all the animals showed 


1 Wald, G., J. Gen. Physiol., 1935, 18, 905. 

2 Wald, G., J. Gen. Physiol., 1935, 19, 351. 

3 Gullberg, J. E., Olmsted, J. M. D., and Wagman, I. H., Am. J. Physiol., 1938, 
122, 160. 

4 Gullberg, J. H., Olmsted, J. M. D., and Wagman, IJ. H., Proc. Soc. Exp. Bron. 
AND MED., 1938, 38, 616. 
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a marked decline. The animal which showed the greatest decline 
died on the 64th day, and exhibited clear evidence of vitamin A 
deficiency. On the 81st day, 2 more animals showed marked symp- 
toms, including clouding of the cornea and swelling of the eye- 
lids. The animal which showed the most severe signs was fed pure 
carotene every day for 5 days. Definite response to the administra- 
tion of carotene was evident on the 2nd day, and there was a pro- 
gressive improvement until, on the 6th day, all of the superficial 
symptoms of the deficiency had disappeared. 

An analysis was made of all the data from the pre-deficient series 
to the clear-cut terminal stages with the physical lesions. No signi- 
ficant difference in the rate of response could be detected at any 
point in the series. All the curves of the rate of pupil change during 
light and dark adaptation showed the form characteristic of the 
normal animals previously described.* 

Our results are in disagreement with those of Phillips and 
Bohstedt who produced a syndrome in rabbits which they attrib- 
uted to a deficiency of vitamin A in the diet. Among other symp- 
toms they found that “‘the light reflex was sluggish and somewhat 
disturbed.’’® 

The evidence that has been collected does not exclude the possi- 
bility of an effect existing in vitamin A deficiency which could only 
be revealed by a change in pupillary response to low threshold stim- 
uli. Further work along these lines has been planned. 

Laurens concludes that the pupillary reflex is primarily and more 
easily elicited from the cones, but that stimulation of the rods also 
gives it.° It seems to us that, with the intense, broad beam of light 
used as the stimulus for pupillary constriction in our experiments, 
the cones alone must be responsible for the pupillary reflex. If the 
rods have anything to do with pupillary action, the effect is probably 
not detectable by the method herein described. 


5 Phillips, P. H., and Bohstedt, G., J. Nutrition, 1938, 15, 309. 
6 Laurens, H., Am. J. Physiol., 1923, 64, 97. 
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Reciprocal Action of the Constrictor and Dilator Pupillae During 
Light Adaptation. 


J. E. GuLipeere, J. M. D. OLMSTED AND I. H. WAGMAN. 


From the Department of Zoology, and the Division of Physiology of the Medical 
School, University of California, Berkeley. 


It has been shown by infrared photographic measurements that 
dilation of the pupil during dark adaptation is the result of 2 mech- 
anisms, namely, the passive elasticity of the iris tissue, and the 
actual contraction of the dilator pupille.*. The maximum pupil 
diameter during normal dark adaptation is reached when the added 
effect of these 2 mechanisms just balances the “residual tone” of the 
constrictor pupille. 

After cutting the sympathetic, the maximum pupil diameter is less 
than normal, and is now determined by the balance between the 
passive elasticity of the iris on one hand, and the “residual tone” 
of the constrictor pupillz on the other. 

To complete the study of reciprocal innervation of the iris muscu- 
lature of the rabbit, we observed the rate of both dark and light 
adaptation of the eye, before and after cutting the third nerve, and 
before and after paralyzing the constrictor mechanism with atropine. 

The photographic method used to determine the size of the pupil 
during light adaptation is basically the same as the method to 
measure the rate of dark adaptation previously described. The 
method is so designed that even under bright light conditions the 
photographs are taken by illumination with an infrared source of 
light. There is, therefore, no need for a change in technic nor for 
any adjustment in the transition from virtual darkness to the con- 
dition of an intensely illuminated field if the camera can be made 
“blind” to the stimulus light. 

The middle density infrared filter made for the Xenon F 1.5 lens 
was used over the lens without an appreciable increase in the expo- 
sure time of the previously described method of illumination of the 
eye. If the stimulus light is made relatively free of the far red and 
infrared components, it is possible to have the same photographic 
conditions for light and dark adaptation. 

The stimulus light must have the qualities of high intensity 
combined with stability and uniformity over the considerable area 


1 Gullberg, J. E., Olmsted, J. M. D., and Wagman, I. H., Am. J. Physiol., 1938, 
122, 160. 
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which must be illuminated. For this purpose the best standard lamp 
is the tungsten ribbon filament, 6-volt, 108-watt bulb. This was 
used with an aspheric condenser in the lamp housing of Bausch 
and Lomb. Such a lamp throws an image of great uniformity in 
the form of a rectangle which has sufficient width to allow for minor 
head movements without change in the stimulus intensity. Care 
was taken to control the voltage. The far red and the infrared por- 
tions of the radiations were removed from the source by a combina- 
tion filter consisting of a parallel-sided glass cell, 32 mm in depth, 
filled with the saturated solution of nickel ammonium sulphate, and 
a standard glass heat absorbing filter disc, of 2 mm thickness. This 
combination filter removes some of the blue violet end of the spec- 
trum in addition to eliminating the red and infrared parts, but the 
residual is still very effective in pupillomotor action. 

After a series of photographs had been taken during complete 
dark adaptation, as previously described,’ the stimulus light was 
thrown into the eye, and photographs were taken as quickly as 
possible, until the pupil reached a constant diameter. The action is 
very rapid, the average time for completion being from 5 to 10 
seconds (Fig. 1). Reeves* obtained similar results with the normal 
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Curve showing rate of pupil constriction during light adaptation of the 
normal rabbit’s eye. 


2 Reeves, P., Psych. Rev., 1918, 25, 330; J. Franklin Inst., 1918, 185, 753. 
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human pupil. He found that it reached its minimum in less than 5 
seconds, and the greater part of the constriction occurred within 
the first 2 seconds. 

After the third nerve was cut, the pupil was permanently dilated 
to a greater maximum than during dark adaptation in the normal 
eye. No detectable response was obtained when the intense light 
was thrown into the eye with the third nerve cut. The same result 
was also observed after the direct application of 3 drops of a 2% 
solution of atropine sulphate to the normal eye. 

It seems from our results that after cutting the third nerve, the 
elasticity of the iris plus the active contraction of the dilator pupille 
can now have its full effect. There is no longer any “residual tone” 
of the constrictor to overcome since this muscle is completely re- 
laxed. The pupil, under these conditions, therefore, reaches the 
maximum diameter of which it is capable, and remains so during 
dark adaptation and during light adaptation as well. 

As there is reciprocal action on the part of the 2 muscles of the 
iris, an intense light in the eye should cause a relaxation of the dila- 
tor even when the third nerve is cut or paralyzed. Such may be 
the case, but any constriction of the pupil that might take place 
under these circumstances is not detectable by the photographic 
method used, presumably because the range of movement of the 
feeble dilator muscle fibers is exceedingly slight when near or at 
their shortest length. 

It has been found that when both the sympathetic and third nerves 
are cut, the iris assumes an immobile position in which the diameter 
of the pupil is only 34 of the maximum which is reached when the 
third nerve alone is cut.* *° “Residual tone” has had to be pos- 
tulated for the constrictor muscle in order to account for the increase 
in pupil diameter when atropine is instilled into the dark adapted 
eye after the sympathetic alone is cut. So here, with the third nerve 
cut, ‘residual tone’ must be postulated for the dilator muscle in 
order to account for the greater diameter of the pupil when the 
sympathetic is intact than when it is cut. Again, as in the case of 
the constrictor, this “residual tone” is independent of the working 
of its antagonist in its reciprocal action. 

Our experiments show that, while dilation of the pupil can be 
brought about by relaxation of the sphincter alone, relaxation of the 
dilator plays no appreciable part in constriction, This agrees with 


3 Parsons, J. H., J. Physiol., 1901, 26, 366. 
4 Parsons, J. H., Roy. London Ophth. Hosp. Rep., 1906, 16, 20. 
5 Briicke, H. V., J. Comp. Neur., 1931, 53, 225. 
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the work of Poos® and Ten Cate,’ who showed that constriction 
takes place by contraction of the sphincter alone, in contrast to the 
claim of Behr* that the normal constriction of the pupil to light 
takes place by an active innervation of the sphincter and simul- 
taneous inhibition of the dilator. 

Summary. The differences in pupil diameter in the dark adapted 
rabbit’s eye can be summarized as follows: 1. It is smallest when 
the sympathetic is cut. This state represents an equilibrium between 
the elasticity of the iris and the “residual tone” of the sphincter. 
2. It is slightly larger when both the sympathetic and the third nerves 
are cut. In this condition, elastic tissue only holds the pupil open. 
3. It is still larger in the normal eye when there is an equilibrium 
between the “residual tone” of the sphincter on the one hand and 
the elasticity of the iris tissue plus the active contraction of the dila- 
tor on the other, 4. It is at its greatest possible maximum when the 
third nerve is cut or atropine is instilled into the normal eye. Here 
the “residual tone” of the dilator and the possible slight contraction 
of this muscle is added to the action of the elastic tissues of the iris. 
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Oxidative Assimilation of Lactic Acid by Escherichia coli. 


C. E CLirTon AND WILLIAM A. LOGAN. 


From the Department of Bacteriology and Experimental Pathology, Stanford 
University, California. 


Barker,’ Geisberger,”? and Clifton* have shown that the oxidation 
of simple substrates by washed suspensions of actively respiring, 
non-proliferating cells does not proceed to completion, but instead, 
a portion of the substrate is apparently assimilated by the cells. For 
example, the oxidative assimilation of acetate by Escherichia coli 
may be represented® as 


2 CH,COOH + 3 0, = (CHO) + 3 CO, + 3 HAO 


According to this equation three-fourths of the oxygen required 
for the complete combustion of the acetate is consumed with the 


6 Poos, F., Klin. Monatsbl. f. Augen., 1927, 78, 874. 

7 Ten Cate, J., Arch. Neerl. de Physiol., 1921, 6, 258. 

8 Behr, Graefe-Saemisch Handbuch der ges. Augenheilkunde, 1924, 38. 

1 Barker, H. A., J. Cell. Comp. Physiol., 1936, 8, 231. 

2 Geisberger, G., Beitrége zur Kenntnis der Gattung Spirillum Ehbg., Disser- 
tation, Utrecht, 1936. 

3 Clifton, C. E., Enzymologia, 1937, 4, 246. 
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production of equivalent amounts of carbon dioxide and water, 
and at the same time one mol of a substance having the empirical 
composition of a carbohydrate is formed for each 2 mols of acetate 
undergoing change. In the presence of appropriate concentrations 
of sodium azide (NaN;) the assimilatory process appears to be 
blocked, the oxidation proceeding to completion. These studies have 
been extended to include the oxidation of lactic acid in well washed 
suspensions and in actively proliferating cultures of Esch. colt, the 
rates and extent of oxygen-consumption and of carbon-dioxide pro- 
duction being determined at 30°C by Warburg’s technic. 

The oxidation of lactate (2 ml, 0.008 M, Fig. 1, A) by Esch. coli 
in a M/15 phosphate buffer of pH 7.1 proceeds at a rapid and quite 
constant rate until approximately two-thirds of the oxygen required 
for complete combustion has been consumed. Then the rate of oxi- 
dation very rapidly decreases and approaches the level of the sub- 
strate-free control. A similar behavior was noted by Cook and 
Stephenson.* In the presence of M/600 or M/400 sodium azide 
the oxidation proceeds nearer to completion while the theoretical 
amount (538 vl) of oxygen required for complete combustion of 
the lactate is consumed in the presence of M/200 azide before the 
rate of oxidation markedly decreases. These concentrations of 
azide have little influence on the oxygen-consumption by the sub- 
strate-free control, the highest concentration tending to decrease 
slightly the rate of oxygen-consumption of the blank. Sodium azide, 
in the concentrations employed, did not appear to exert an appre- 
ciably germicidal action under the conditions of these tests. The 
above results, together with an observed R.Q. of 1.0 suggest that the 
oxidative assimilation of lactate may be represented as 


CH,CHOH . COOH + 2 0, = (CH20) + 200, + 2 H,O 


The influence of 3 different initial concentrations of lactic acid 
on the rates and extent of oxygen-consumption during the growth 
of Esch. coli in 2 ml of a synthetic medium’ is illustrated in Fig. 1, B. 
In the presence of M/300 lactic acid (only source of carbon) the 
rate of oxygen-consumption broke abruptly and decreased to a low 
order of magnitude by the time that 280 wl of oxygen had been 
consumed. This amounts to a consumption of approximately 62% 
of that required for the complete oxidation of the lactate. Similar 
breaks in the rates of consumption were observed when 440 and 
880 wl of oxygen had been consumed in M/200 and M/100 lactate 

4 Cook, R. P., and Stephenson, M., Biochem. J., 1928, 22, 1368. 

5 Clifton, C. E., Cahen, S. F., and Morrow, G., Proc. Soc. Exp. Biob. AND 
Mzp., 1936, 35, 40. 
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Fig. 1. 

A. The influence of different concentrations of sodium azide on the oxidation 
of 2 ml of 0.008 M lactate by Esch. coli. 

B. The influence of different initial concentrations of lactate on the rate and 
extent of oxygen-consumption in cultures of Hsch. coli. The heavy horizontal lines 
above the curves represent the theoretical values for the oxygen required for com- 
plete combustion of the different amounts of lactate, and are placed immediately 
above the times at which the substrate is assumed to have been consumed. 


medium, respectively, corresponding to an oxygen-consumption of 
approximately 65% of the theoretical. The rates of carbon dioxide 
production, and the total amounts of carbon dioxide produced were 
equal to the corresponding values for oxygen-consumption. The 
maximal numbers of bacteria developed in these cultures were 59, 
81, and 160 X 10° per ml in the M/300, M/200, and M/100 lac- 
tate cultures, respectively. 

Typical values of the amounts of oxygen consumed per ml per 
hour and per cell per minute together with the numbers of viable 
bacteria at the end of each interval of time, as observed in a 0.004 M 
lactate medium, are presented in Table I. 

The total oxygen consumed in the experiment outlined in Table I 
is approximately equal to 66% of that required for the complete 
combustion of the lactic acid to carbon dioxide and water. In all 
of the cultures studied not only did the rates of oxygen-consump- 
tion and of carbon dioxide production markedly decrease when ap- 
proximately two-thirds of the lactate had been oxidized, but there 
was also a marked decrease in the growth-rate at the same time. 
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TABLE I. 
Influence of the Age of a Culture on the Rates of Oxygen-consumption in a 
0.004 M Lactate, Inorganic-medium Culture of Escherichia coli. 


pl Oo consumed by culture 
No. of bacteria 


(Git ihe ean! 
per ml at end of per ml per cell 
Time, min. time interval per hr per min. 
0-210 12 x 107 6.0 — 
210-300 Peas Vee 28.0 1.84 x 10-9 
300-360 36:7? 26.0 1.49) 2? 
360-420 54”? 42.5 LiGON 27 
420-480 Moire 47.5 120!) 
480-540 ia es 22.5 O15 342 
540-660 SO 10.0 Orie 


Total oxygen consumed 182.5 yl 


This decrease became apparent when approximately 60% of the 
theoretical amounts of oxygen required for complete combustion 
had been consumed. The rates of oxygen-consumption observed 
after 66% of the theoretical amount had been consumed could be 
accounted for on the assumption that the cells were utilizing reserve 
cellular material. 

The observations reported in this paper lend further support to 
the hypothesis advanced by Clifton, et al.,° and by Hershey and 
Bronfenbrenner® that, when oxygen is available in excess, the growth 
rate and maximal population developed under favorable conditions 
is primarily controlled by the available foodstuff rather than by any 
accumulation of inhibitory products. Furthermore, it appears that 
the equation suggested for the oxidative assimilation of lactic acid 
by washed suspensions of Esch. coli may equally well apply to the 
assimilation of lactic acid in actively proliferating cultures of this 
bacterium. Also, the addition of sodium azide to the culture medium 
proved to be inhibitory to growth, thus suggesting that assimilatory 
processes are again blocked by the action of the azide. These, and 
other results to be reported later, suggest that respiration and assim- 
ilation are closely connected processes and that the respiration of 
heterotrophic bacteria may well be represented by the general 
equation: 

Foodstuff + O, = Assimilated material + CO, + H.O; much as 
CO, + H,O + light = (CH.O) + Oz represents the assimilatory 
process in the green plant. In the former oxidative type of assimi- 
lation, carbon dioxide and water might be regarded as the waste 
products just as oxygen is the waste product of the assimilatory 
process in the plant kingdom. 


6 Hershey, A. D., and Bronfenbrenner, J., Proc. Soc. Exp. Bion. AND Mgp., 
1937, 36, 556. 
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Claim for Thyroid Subnormality in Vitamin E-Low Rats.* 


IrA R. TELForD, GLADYS A. EMERSON AND HERBERT M. EVANS. 


From the Institute of Experimental Biology, University of California, Berkeley. 


Singer* described a marked hypoplasia of the thyroid in rats 12 
to 18 months of age maintained on a vitamin E-low diet. 

Barrie* * * observed a similar condition at the end of the lactation 
period in the young of vitamin E-low mothers; a condition that did 
not exist when the young were transferred to foster mothers receiv- 
ing a stock ration. 

Relatively large numbers of young are occasionally produced in 
this laboratory as a result of “first litter fertility,” in mothers reared 
and held on E-low diets. There are good reasons for believing that 
in these cases of fertility, the mother possesses stores of vitamin E 
barely sufficient for the birth of living young. The reasons are: 

1. The majority of the mothers of a group handled at the same 
time were sterile. 

2. On rebreeding, these females invariably resorb. 

3. A high proportion of the young from “first litter fertilities” 
show a characteristic deficiency picture toward the end of the lac- 
tation period consisting of: the paralysis described by Evans and 
Burr,® a characteristic configuration of the head, general puffiness, 
roughness of fur in spite of normal body weight, a corneal film, etc. 

Young from 3 differently treated groups of rats were examined 
by us. 

Group 1. The mothers were reared on vitamin E-low diet 427° 
and were bred at the first pro-estrus after 60 days. Each mother 
was allowed to suckle 6 young, and at 10 days a part of each litter 


* Aided by grants from the Research Board and the College of Agriculture of 
the University of California, the Rockefeller Foundation of New York, and Merck 
& Company, Inc., Rahway, New Jersey. 

We wish to acknowledge assistance rendered by the Federal Works Progress 
Administration, Project No. 7787. 

The following materials were generously contributed: cod liver oil by E. R. 
Squibb & Sons, brewers’ yeast by the Vitamin Food Oompany, New York, and 
wheat germ oil by General Mills, Inc., Minneapolis. 

1 Singer, E., J. Physiol., 1936, 87, 287. 

2 Barrie, M. M. O., Nature, 1937, 139, 286. 

3 Barrie, M. M. O., Nature, 1937, 140, 426. 

4 Barrie, M. M. 0., Lancet, 1937, 2, 251. 

5 Evans, H. M., and Burr, G. O., J. Biol. Chem., 1928, 76, 273. 

6 Emerson, G. A., and Evans, H. M., J. Nutrition, 1937, 14, 169. 
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was given 2 drops of a standardized wheat germ oil 6 times weekly. 
There were 24 animals in the untreated group and 19 in the treated. 

Group 2. Vitamin E-low females that had undergone a typical 
resorption gestation were given 1 g of wheat germ oil on the day of 
the second positive mating. Six young from each litter were kept, 
of which three were suckled by the mother and the remaining 3 were 
given to a foster mother that received an additional 1 g of wheat 
germ oil on the day of littering. Three young from the foster 
mother were in turn given to the original mother. 

Group 3. Mothers with a history of a resorption gestation were 
handled as in group 2 except that half of the young from each 
mother received by stomach tube from day 5 or 10, 0.2 cc of wheat 
germ oil. There were 17 untreated and 14 treated animals. 

Group 4. Six normal young, 21 days of age, from the stock 
colony. 

The size of the thyroid vesicles, their content of colloid and es- 
pecially the height of the epithelium were items charted for each 
animal in all groups. Characteristic differences between the groups 
were not observed. Variations within the group fully equalled the 
group differences claimed by Singer and Barrie. 

If vitamin E deficiency imposes subnormality on the thyroid, in- 
creased evidence of this might legitimately be expected in older 
animals, in those reared and held for their entire life on a vitamin E- 
low ration. Two groups of animals were observed: 6 rats that were 
22 months of age and had been maintained on a vitamin E-low ration 
since weaning, and 5 controls of the same age reared on a stock diet. 

As in the case of the suckling young, these animals showed no 
histological evidence of hypothyroidism. 

It occurred to us as entirely possible that functional subnormality 
might be detectable even with histological normality; consequently a 
preliminary study was made of the oxygen consumption of 4 vita- 
min E-low, and 4 normal, rats. No significant differences were 
observed, the average figure being slightly higher for the experi- 
mental than for the control group. 

Conclusion. Histological subnormality of the thyroid was not 
observed in the paralyzed suckling young of vitamin E-low mothers 
or in old animals (22 months of age) chronically deprived of vita- 
min E. 
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Degeneration of Cross Striated Musculature in Vitamin E-Low 
Rats.* 


HERBERT M. Evans, GLAapys A. EMERSON AND IRA R. TELFORD. 
From the Institute of Experimental Biology, University of California, Berkeley. 


It has been noted for some years in this laboratory that animals 
reared and held upon E-low rations develop characteristic disability 
in locomotion, or partial paralysis accompanied by obvious, naked- 
eye atrophy of some of the musculature of the flank and posterior 
limb, particularly adductors of the leg. Because of convenience, we 
have submitted certain muscles of the leg (gastrocnemius and 
soleus) of these animals to microscopic examination, although these 
were not necessarily the muscles most affected. This note is to re- 
port the invariable occurrence of degenerative lesions of the gross 
striated musculature in adult rats that had been placed upon vitamin 
E-low rations at weaning and autopsied at 22 months. The paral- 
ysis was mentioned in a summary by Evans.* It was later men- 
tioned by Ringsted? and by Burr, Brown and Moseley.* A similar 
condition in young animals was described by Evans and Burr,* and 
later by Olcott, ° who have reported microscopic changes strikingly 
similar to those observed in muscular dystrophy in herbivora and to 
those herein described. 

Six animals were placed at weaning (21 days) on vitamin E-low 
diet 4277 (5 controls of the same age were put on stock diet I), and 
held there until the time of autopsy at 22 months. The animals in 
both groups had a history of one breeding. The disability in loco- 
motion was usually evident by the 15th month. At the time of 


* Aided by grants from the Research Board and the College of Agriculture of 
the University of California, the Rockefeller Foundation of New York, and Merck 
& Company, Inc., Rahway, New Jersey. 

We wish to acknowledge assistance rendered by the Federal Works Progress 
Administration, Project No. 7787. 

The following materials were generously contributed: cod liver oil by E. R. 
Squibb & Sons, and brewers’ yeast by the Vitamin Food Company, New York. 
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Fie. 1. 
Section of gastrocnemius muscle from a paralyzed vitamin E-low rat 22 
months of age. 


Fig. 2. 
Section of gastrocnemius muscle from a normal rat 22 months of age. 
Slides stained with hematoxylin and eosin xX 365. 
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sacrifice the animals weighed on the average almost 100 g less than 
the controls (252:335 g) and on contrast to the smooth, normal 
pellage which still characterized the controls, their sparse pellage 
gave a rough appearance, and in places complete denudation oc- 
curred. This was particularly the case on the back in the region of 
the flanks, where naked-eye atrophy of the musculature was appar- 
ent. There was also invariably an accelerated respiratory rate as 
contrasted with normal animals. The animals were sensitive, ir- 
ritable creatures and were not easily handled. 

Histological Findings. Sections of the gastrocnemius were fixed 
in Bouin’s or Zenker formol. After nitro-cellulose embedding, the 
tissues were sectioned at 6-8» and stained with hematoxylin, eosin 
or iron hematoxylin, aniline blue. 

A marked infiltration of leucocytes and connective tissue elements 
was noted. Cross striations were usually reduced, and in some cases 
were entirely lacking. Many of the muscle and sarcolemma nuclei 
were shrunken and pyknotic, staining deeply with hematoxylin. 

Within the sarcolemma, multiplication of nuclei often occurred; 
the nuclei were arranged in rows parallel to the long axis of the 
fiber. The chains of nuclei, in some instances, persisted after the 
necrotic fibers had been resorbed and the sarcolemma collapsed. The 
degenerating fibers were often replaced by fat and other connective 
tissue elements. 

The iron-hematoxylin aniline blue stain showed areas where 
within the sarcolemma there was a failure of both longitudinal and 
transverse striations and chains of contiguous nuclei. These areas 
in the sarcoplasm stained light blue with the stain, in contrast to the 
pink of healthy fibers. In other instances the entire muscle fiber was 
replaced by a foamy, light blue sarcoplasm with many nuclei. 

Conclusion. Muscular dystrophy characterizes old rats reared 
and maintained on diets devoid of vitamin E. The histological 
lesions are outstanding. 
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Skin Vascular Reactions to the Cold Pressor Test. 


ALrRIckK B, HERTZMAN. 


From the Department of Physiology, St. Louis University School of Medicine, 
St. Louis, Mo. 


The detection of the presence or absence of hyperreactivity of 
the vasomotor system by the standard cold stimulus used by Hines 
and Brown and others,* depends on statistically significant differ- 
ences in the arterial blood pressure responses. Although the con- 
clusions of Hines and Brown have been challenged,’ a systematic 
study of the vasomotor reactions involved would seem to be de- 
sirable for a more complete analysis of the significance and mechan- 
ism of the test. 

The development of the skin photoelectric plethysmograph’® 
offered opportunity to explore the participation of the skin vessels in 
the responses to the immersion of one hand in ice-cold water. Re- 
sponses in the finger (recorded with a mechanical plethysmograph), 
ear and forehead (recorded photoelectrically) have been observed 
in a random group of 9 normal male subjects (6 whites, 2 Negroes, 
1 Chinese) in 24 experiments. The number of observations is too 
few to bear on the significance of the cold pressor test. They are 
not offered for that purpose. 

Constriction in the finger of the opposite hand was observed in 
all trials in all subjects. This is a well-known and frequently demon- 
strated response to the immersion of a limb in cold water. In con- 
trast to the behavior of the finger vessels, the responses in the ear 
and forehead varied from a slight decrease in blood volume through 
no effect to an increase in blood volume. Similar changes were 
observed in the amplitude of the volume pulse. In some cases, a 
decreased volume pulse was recorded when no decrease in blood 
volume occurred. 

The interpretation of these skin changes as of vasomotor origin 
is complicated by the fact that the blood content of the skin of the 
head is readily altered by changes in intrathoracic pressure. The 


1 Hines, E. A., Jr., and Brown, G. E., Ann. Int. Med., 1933, 7, 209; Am. Heart 
J., 1936, 11, 1; White, B. V., and Gildea, E. F., Arch. Neurol. and Psychiat., 1937, 
38, 964. 

2 Yates, M. R., and Wood, J. E., Jr., Proc. Soc. Exp. Brot. AnD MEp., 1936, 
34, 560. 

3 Hertzman, A. B., Proc. Soc. Exp. Bion. aND MED., 1938, 38, 562. 
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respirations often change considerably as a result of the pain of the 
test. More prolonged or “‘active’’ expirations or shift of the chest to 
a more expiratory position tend to engorge the venous vessels of the 
head skin. These effects will obscure a simultaneous slight con- 
striction in this area. Decrease in the amplitude of the volume 
pulse may result from increased intrathoracic pressure as well as 
from arterial constriction so that in those instances where the pulse 
decreased (the changes ‘were slight) this cannot be considered as 
evidence of constriction. It is, therefore, suggested that in normal 
subjects the skin vessels of the head participate only slightly (if 
they do at all) and to a much less extent than is true for the finger 
vessels, in the vasoconstrictor response to the cold pressor test. 
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Effect of Potassium Chloride on the Normal and Denervated Iris. 


L. D. SEAGER. (Introduced by John Auer.) 


From the Department of Pharmacology, St. Louis University School of Medicine, 
St. Louis, Missouri. 


Camp and Higgins’ have called attention to the similarity of the 
actions of epinephrin and the potassium salts on various organs and 
have advanced the hypothesis that epinephrin acts by liberating 
potassium; no reference was made by them to the action of potas- 
sium on the iris. 

Experiments were carried out using intact and excised bulbi of 
frogs and intact normal and denervated eyes of living rabbits. Forty- 
four excised frog bulbi placed in 0.6% KCl, and observed 90 to 150 
minutes, resulted in 32 constrictions, 1 dilation, and 11 showing no 
change. Control eyes placed in 0.6% NaCl gave similar results. 

In another sseries of experiments, the cerebra of frogs were pithed 
or lightly crushed and 0.25 to 1 cc 0.6% KCI injected intracardially 
or into the aorta. Of 66 eyes observed, 18 showed no change; 41 
constricted and 7 dilated. The dilatations were slight or moderate, 
the maximum being 1 mm. Control injections of 0.6% NaCl pro- 
duced constriction or no change. 

Large doses of KCl, 7. e., 1 to 2 cc of a 4.0% solution injected 
intraarterially into 12 frogs produced constriction in all cases. Dur- 
ing the constricted state 0.25 to 0.5 cc epinephrin 1:10,000 was in- 


1Camp, W. J. R., and Higgins, J. A., J. Pharm. Exp. Therap., 1936, 57, 376. 
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jected intracardially or into the aorta; in all cases the pupils mark- 
edly dilated. 

Seventeen excised bulbi from frogs previously injected with 1-2 cc 
1.0% KCl showed no greater sensitivity to dilute solution of epine- 
phrin than 18 control eyes from frogs injected with similar amounts 
of NaCl. 

Three series of experiments were carried out on living rabbits 
having one iris sympathectomized, by removing the superior cervical 
ganglion. 

In the first series, 11 experiments on 6 rabbits, 1.0 cc of a 4.1% 
solution of NaCl was injected subconjunctivally in both eyes. There 
were no changes except for a few transitory constrictions. 

In a second series, 11 experiments on 5 animals, 1.0 cc of sterile 
5.0% KCl was injected subconjunctivally in both eyes. Marked 
constriction occurred in both eyes in all cases, with approximate re- 
turn to normal in 70-80 minutes. In one experiment, the pupils re- 
mained constricted for over 2 hours. At no time in any of the ex- 
periments was there definite dilatation above normal. 

In the third series, 14 experiments on 6 rabbits, 1.0 cc sterile 5.0% 
KCl was injected subconjunctivally into both eyes. Early during 
the constricted state, 0.5 cc epinephrin (1:10,000) per kilo body 
weight was injected intramuscularly. In all, except one experiment, 
there was a definite dilation on the sympathectomized side. On 
the normal side, no definite dilatations were noted; the pupils re- 
turned gradually from a constricted state to normal. 

Control injections of epinephrin 1:10,000 intramuscularly pro- 
duced dilatations on the sympathectomized sides with no apparent 
effect on the normal sides; the dilatations were no greater than in 
the KCl-epinephrin series. 

In none of the experiments on frogs or rabbits was any similarity 
found between the actions of potassium and epinephrin. KCI in 
the concentrations used constricts the pupil of intact and excised 
eyes of frogs and the normal and sympathectomized itis of rabbits. 
Epinephrin overcame the constrictions so produced even when the 
dosages of potassium were excessive. If KCl exerts an epinephrin- 
like effect only at certain concentrations, one would expect the opti- 
mum concentration to be obtained at some time during the absorp- 
tive process. 

The above observations do not support the hypothesis that epi- 
nephrin acts by liberating potassium. 
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Arginase in the Mammary Gland. 


J. C. SHaw anp W. E. PETERSEN. 


From the Division of Dairy Husbandry, University of Minnesota, St. Paul, Minn. 


The liver has been considered as the only gland in the mammalian 
body capable of synthesizing urea. Hunter and Daupinee* reported 
that the liver contained large quantities of arginase which has not 
been reported for other glands in the mammalian body. Krebs 
and Henseleit” advanced the generally accepted hypothesis that ar- 
ginase is one of the essentials in the formation of urea. 

Since urea has been reported to be produced by the mammary 
gland by Graham, Houchin and Turner,® it appeared probable that 
the method of formation was similar to that in the liver and that 
arginase may be present in the mammary gland. 

Accordingly, both lactating and non-lactating mammary glands 
from cows were analyzed for arginase by the method described by 
Hunter and Daupinee.* In each case 100 g of udder tissue were 
extracted with 100 ml of 75% glycerol. For the trials 5 ml of the 
glycerol extract were added to the arginine solution and the urea 
formed after 24 hours of incubation was determined by the urease 
method of Van Slyke and Cullen.? Blanks were run identically with 


TABLE I. 
Urea Nitrogen Formed by Mammary Gland Extract. 


Nitrogen as Urea nitrogen Total urea 
arginine HCl, foundin blank, nitrogen found, 
Cow No. mg mg mg Remarks 
1 6 36 -80 Lactating glands 
2 6 13 31 
3 6 .04 .10 
4 6 22 35 
5 6 41 .78 
6 6 .28 62 
7 6 43 92 
8 6 24 27 Non-lactating glands 
9 6 22 26 
10 6 -00 00 


1 Hunter, A., and Daupinee, J. A., Proc. Roy. Soc. London, 1925, 97B, 227. 

2 Krebs, H. A., and Henseleit, Kurt, Hoppe-Seyler’s Z. Physiol. Chem., 1932, 
210, 33. 

3 Graham, W. R., Houchin, O. B., and Turner, C. W., J. Biol. Chem., 1937, 
120, 29. 

4 Hunter, A., and Daupinee, J. A., J. Biol. Chem., 1929, 85, 627. 

5 Van Slyke, D. D., and Cullen, G. E., J. Biol. Chem., 1916, 24, 117. 
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the exception that arginine was omitted. The urea nitrogen in the 
blanks varied from 0.0 mg in the case of the dry glands to as much 
as 0.43 mg in the case of lactating glands. The amounts of urea 
nitrogen from 5 ml of glycerol extract as compared to 5 ml of 
glycerol extract and arginine hydrochloride are given in Table I. 

From these data it is obvious that the active mammary gland 
contains appreciable arginase while the inactive gland contains less 
or none at all as revealed by the methods used. 

It will be noted in the table that the amount of arginase in the 
mammary gland extract is proportional to the amount of preformed 
urea in the mammary gland extract, as shown by the blank deter- 
minations. This urea was probably formed in the gland or gland 
extract by arginase and urea precursors in the gland. Additional 
controls demonstrated that the arginine used did not contain free 
urea. 
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Amino Acids and other Non-Protein Nitrogen Blood Substances 
in Relation to Milk Secretion. 


J. C. SHaw* anv W. E. PETERSEN. 


From the Division of Dairy Husbandry, University of Minnesota, St. Paul, Minn. 


Since Cary* demonstrated that the amino-acid content of blood 
obtained from the mammary vein of lactating cows was significantly 
lower than that obtained from the jugular vein, it has been assumed 
that the amino-acids of the blood are the precursors of the milk pro- 
teins. Recently Graham,’ and Shaw and Petersen® have presented 
evidence that the blood amino-acids are not the sole precursors of 
milk proteins. Graham, et al.,* have also demonstrated that the 
blood proteins may be involved in the protein metabolism of the 
mammary gland. 


* The data in this paper are from a thesis presented by J. C. Shaw in partial 
fulfillment of the requirements for the degree of Doctor of Philosophy, University 
of Minnesota, Minnesota Agricultural Experiment Station. 

1Cary, C. A., J. Biol. Chem., 1920, 43, 477. 

2 Graham, W. R., Jr., J. Biol. Chem., 1937, 122, 1. 

3 Shaw, J. C., and Petersen, W. E., Proc. Am. Physiol. Soc., March 30, 31, 
April 1, 2, 1938, 50th Annual Meeting, Baltimore, Maryland, p. 183. 

4Graham, W. R., Jr., Peterson, V. R., Houchin, O. B., and Turner, C. W., 
J. Biol. Chem., 1938, 122, 275. 
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Data are presented in this paper which show that the amino-acids 
of the blood cannot account for more than 30 to 40% of the milk 
proteins. 

Arterial and mammary venous bloods were obtained and handled 
as reported by Shaw, Boyd and Petersen.° 

Amino-acids were determined in tungstomolybdic acid filtrates by 
the colorimetric method of Folin.* The apparent creatine and 
creatinine in blood were determined on the same filtrate by the 
method of Folin and Wu." Uric acid was determined on blood 
plasma by Benedict’s direct colorimetric method.* The Clark- 
Collip® modification of the Kramer-Tisdall method was employed 
for the determination of calcium. Urea was determined on blood 
plasma samples by the urease method of Van Slyke and Cullen.*® ** 

Cary* made no attempt to determine the quantity of amino-acids 
which would have to be removed by the mammary gland to account 
for all of the proteins of the milk. In order to obtain a more com- 
plete picture of the nitrogen metabolism of the gland several non- 
protein fractions were determined on simultaneously drawn arterial 
and mammary venous bloods. Of these, herein are reported amino- 
acids, uric acid, urea, creatine and creatinine. Data are presented 
in Table I comparing the amino-acid and calcium arterio-venous 
difference in the passage of the blood through the mammary gland. 

Amino-acids were removed from the blood by the gland in fairly 
constant amounts with an extreme variation of from 0.15 mg % 
to 0.97 mg %. The average arterio-venous difference was 0.46 mg 
%. On the basis of the protein in the milk this indicates that ap- 
proximately 1200 volumes of blood per unit volume of milk would be 
necessary to supply enough amino-acids to account for the milk pro- 
teins if the amino-acids were the sole precursors of milk proteins. 
The average calcium loss of 0.32 mg % indicates that the volume 
flow of blood per unit volume of milk is approximately 390. 

This is in good agreement with similar ratios calculated from fat 
and carbohydrate A-V differences and the quantity of fat and carbo- 
hydrate in the milk, Shaw and Petersen.* It is evident then that the 
amino-acid absorption by the mammary gland is much too small to 


5 Shaw, J. C., Boyd, W. L., and Petersen, W. E., Proc. Soc. Exp. Brou. AnD 
MED., 1938, 38, 579. 
6 Folin, O., J. Biol. Chem., 1922, 51, 377. 
7 Folin, O., and Wu, H., J. Biol. Chem., 1919, 38, 81. 
8 Benedict, S. R., J. Biol. Chem., 1922, 51, 187. 
9 Clark, E. P., and Coilip, J. B., J. Biol. Chem., 1925, 68, 461. 
10 Van Slyke, D. D., and Cullen, G. E., J. Biol. Chem., 1914, 19, 211. 
11 Van Slyke, D. D., and Cullen, G. E., J. Biol. Chem., 1916, 24, 117. 
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TABLE I. 
Amino Nitrogen in Simultaneously Drawn Samples of Arterial and Mammary 
Venous Bloods of Cows as Related to Calcium A-V Differences. 


Amino nitrogen level Plasma calcium 
(pa STE, A-V A-V 
Arterial, Venous, difference, difference, 
mg % mg % mg % mg % Remarks 
3.92 3.25 —0.66 —0.31 2 hr. after milking 
4.38 3.86 —0.52 —0.24 
3.72 3.26 —0.46 —0.54 
3.85 3.36 —0.49 —0.35 
3.08 2.93 —0.15 —0.19 ieee sy see 
4.23 3.72 —0.51 —0.30 
3.33 3.04 —0.29 —0.20 
3.76 3.23 —0.53 —0.32 Gio Vo Le) 
3.30 3.05 —0.25 — 0.46 
3.90 3.25 —0.65 — 
4.49 4.08 —0.31 —0.51 OOS aa ee 
4.40 4.09 —0.31 _ 
4.13 3.97 —0.16 —0.14 
4.28 3.31 —0.97 —0.29 
3.53 3.51 —0.02 —0.07 dry cow 
Avg of lactating cows 

3.90 3.44 —0.46 —0.32 


account for all of the milk proteins. If all of the amino-acids ab- 
sorbed by the mammary gland from the blood were converted into 
milk proteins there would still be about 65% of the milk proteins to 
be accounted for by some other nitrogen substances in the blood. 
Graham’ conducted a carbohydrate balance experiment on the mam- 


TABLE II. 
Uric Acid in Simultaneously Drawn Samples of Arterial and Mammary Venous 
Bloods. é 
Uric acid level Arterial 
oS Venous 
Arterial, Venous, Difference, 
Cow No. mg % mg % . mg % 
241 1.50 1.32 —.18 
445 1.72 1.30 —.42 
235 1.39 1.34 —.05 
432 1.50 1.65 +.15 
447 1.64 1.55 —.09 
419 9 1.72 —.07 
433 1.80 1.73 —.07 
23 1.43 1.36 —.07 
25 1.41 1.41 0 
A-7 1.76 1.82 +.06 
586 1.75 1-79 +.04 


Avg 1.60 1.55 —.05) 
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mary gland and reported 2 observations on amino-acids in which 
the amino-acid loss when compared to the glucose and lactic acid 
loss appeared to be too small to account for the milk proteins. Ina 
later paper Graham, et al.,* presented experimental data indicating 
that the blood proteins were involved in the protein metabolism of 
the mammary gland. 

The fact that the amino-acids cannot account for the major por- 
tion of the milk proteins lends support to the hypothesis that the 
blood proteins are involved in the elaboration of milk proteins. 

The data presented in Table II show that only very small amounts 
of blood uric acid are removed by the lactating mammary gland. In 
11 analyses there was an average uric acid loss of -O0.05 mg %. 

Data are given in Table III on the arterio-venous creatinine and 
creatine differences. While there was a loss of creatinine and crea- 
tine in the majority of cases, the amounts absorbed by the mammary 
gland were extremely small. The average loss of each was 0.06 


mg %. 


TABLE III. 
‘¢ Apparent’’ Creatine and Creatinine in Simultaneously Drawn Samples of 
Arterial and Mammary Venous Bloods. 


Creatinine level Arterial Creatine level Arterial 
oe Venous =———————.__ Venous 
Arterial, Venous, Difference, Arterial, Venous, Difference, 
Cow No. mg % mg % mg % mg % mg % mg % 
443 1.29 1.20 —.09 2.23 2.16 —.07 
445 1.56 1.35 —.21 1.63 1.75 +.12 
235 1.31 1.28 —.03 1.73 1.73 0 
432 1.49 1.45 —.04 2.12 2.06 —.06 
447 : 1.37 1.35 —.02 2.23 2.04 —.19 
577 1.07 1.07 0 2.07 1.88 —.19 
434 1.25 e2t —.04 2.03 2.04 +.01 
241 1.20 1.12 —.08 —- —_ — 
419 1.27 1.25 —.02 = —- — 
440 1,22 1.16 —.06 == = = 
Avg 1.30 1.24 —.06 2.01 1.95 —.06 


Conclusions. 1. The amino-acids absorbed from the blood by the 
mammary cannot account for more than 35% of the milk proteins. 
2. While there is a slight loss of blood uric acid, creatine and crea- 
tinine to the lactating mammary gland, it is evident that these sub- 
stances are not important in the nitrogen metabolism of the lactating 
gland. 
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Influence of Induced Variations in Electrolyte and Water 
Exchanges with Pitressin in Bronchial Asthma.* 


Matcoitm M. Cook AND ALBERT V. STOESSER. 


From the Department of Pediatrics, University of Minnesota, Minneapolis. 


During the course of studies on the influence of various thera- 
peutic procedures on the mineral and water exchanges in children 
suffering from bronchial asthma, it was observed that artificial fever 
was usually followed by remission of symptoms when the sodium 
chloride content of the diet was extremely low, but not when the 
intake of this salt was unrestricted. This observation suggested the 
desirability of examining more critically the relationship between 
the electrolyte and water balance in the mechanism of asthmatic 
attacks. 

Starling and Verney* and McQuarrie, Manchester and Husted?’ 
have shown that pitressin, the antidiuretic principle of the pituitary 
gland causes, not only a retention of body water, but a coincident 
absolute increase in the output of sodium and chloride in the normal 
subject. Therefore, when the sodium chloride intake is very low 
and the water intake is relatively high during a period of sus- 
tained pituitary antidiuresis, body water is retained without coin- 
cident storage of sodium chloride. Since this procedure offers a 
unique opportunity to dissociate the effects of water and salt in the 
asthmatic patient, the following experiments were undertaken. 

Six children, selected on the basis of severity and intractibility of 
their asthmatic attacks, were placed under constant environmental 
conditions in the hospital, in charge of specially instructed nurses. 
The patients were given 4 evenly spaced daily feedings of a weighed 
formula having reasonably adequate basal dietary constituents, but 
an extremely low sodium content. Calculated daily intake of so- 
dium was 120 to 700 mg. Distilled water was given at equally 
spaced intervals, 400 cc per day during control periods and 1200 cc 
to 2000 cc per day during pitressin sessions. Urine was collected in 
24-hour specimens, measured and preserved for future chemical 
analysis. The subjects were weighed daily on a metabolism balance 


* This work was supported by a grant from the Medical Research Fund of the 
University of Minnesota. 

1 Starling, E. H., and Verney, E. B., Proc. Royal Soc. Biol., 1925, 97, 321. 

2 McQuarrie, Irvine, Manchester, R. C., and Husted, Clara, Am. J. Dis. Child., 
1932, 43, 1519. ‘ 
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under uniform conditions. Hourly observations of the patients’ 
condition were made and all asthmatic attacks were tabulated. 

An initial control period accustomed the children to the regimen 
and established the frequency and severity of the asthmatic attacks. 
Then, while the low salt and high water intakes were maintained, 
pitressin was administered by hypodermic injection in doses of 0.3 
to 0.5 cc every 3 hours which had been found by McQuarrie and 
Peeler® to be sufficient to sustain antidiuresis over a considerable 
period of time. After 24 to 36 hours, during which the weight 
increased due to retained water 2 to 5% of the initial body weight, 


TABLE I. 
Influence of Pitressin on Attacks of Bronchial Asthma. 


Intake 
mg per day Amt of asthma during various periods* 

Vemcwe > FN VE) CR Le ERI Er 5 FE ee eee Per 

Case Exp. No. Na K Control Pitressin JDiuresis Subsequent 
IL 1 120 360 ca 1 i! 3 
H.B 2 120 360 4 1 1 2 
3 120 360 4 2 2 0 
4 120 360 ih 0 0 0 
ITs 5 120 360 1 0 0 0 
M.M. 6 200 600 3 0 0 0 
vs 200 2100 3 0 0 0 
8 200 2100 3 1 0 0 
9 200 2100 2 1 0 0 
10 500 1500 3 1 0 0 
11 500 1500 i 0 0 0 
12 200 600 4 2 0 0 
‘ES 13 500 1500 2 0 0 0 
R.K. 14 200 600 3 0 0 0 
15 200 600 2 3t 4t 1 
IV. 16 700 2000 4 2 1 it 
R.F Ay 700 2000 3 3 2 1 
¥; 18 120 360 4 2 0 0 
B.C 19 120 360 2 a 0 0 

Var: ; 

R.V. 20 200 600 4 ul 0 0 


*Amount of asthma was determined by hourly observations day and night and 
number of doses of epinephrine required to give the patients some comfort. ‘he 
following code was adopted: 

0—No asthmatic wheezing observed and no epinephrine used. 

1—Wheezing present for at least 1 hr per day requiring 1 dose of epinephrine. 

2—Wheezing lasted 3 hr per day requiring usually 3 doses of epinephrine. 

3—Wheezing present about half the time or at least 12 hr per day, requiring 
around 5 doses of epinephrine per day. 

4—Continuous wheezing existed requiring 8 or more doses of epinephrine per 

day. 

+Vomiting, cramps, and diarrhea were present during these periods and the 
asthma was temporarily aggravated. 


3 MeQuarrie, Irvine, and Peeler, D. B., J. Clin. Investigation, 1931, 10, 915. 
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the pitressin and extra water were stopped. This resulted after 6 
hours in a copious diuresis, the patients usually reaching a new 
weight level below the initial figure. 

A total of 20 observations or studies were made on the 6 subjects. 
During the water retention phase of each period of observation a 
reduction in the number and severity of asthmatic attacks occurred 
in 18 instances, 7 of which showed complete cessation of symptoms. 
In one case the symptoms remained unchanged and in another child 
who developed diarrhea a slight increase in symptoms occurred. 
During and after the diuretic phase improvement in symptoms con- 
tinued in 19 instances with complete remissions developing 14 times. 
In the case which had diarrhea the asthma continued to be slightly 
aggravated during diuresis but improved during the subsequent 
period. In 6 instances symptoms recurred spontaneously after the 
end of the period of observation, while the remainder had remissions 
until upset by some extraneous factor. In one case 4 g of sodium 
chloride were administered after 10 days, which were free of asthma, 
all other factors remaining constant, and the asthmatic symptoms 
reappeared promptly. The results of the experiments are sum- 
marized in Table I. 

From the foregoing it would appear that bronchial asthma can be 
ameliorated even in the presence of excessive hydration if there is 
an associated depletion of sodium chloride. This preliminary group 
of observations suggests that the sodium ion may exercise an ad- 
verse influence on the asthmatic patient, independent of its usual 
relation to hydration. 
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Studies on Enzymatic Formation and Destruction of Uric Acid 
in Mammalian Blood. 


Mary BrRANNOCK BLAUCH AND F, C. Kocu. 


From the Department of Biochemistry, the University of Chicago. 


The colorimetric estimation of uric acid by a phosphotungstic acid 
reagent is made more specific by the use of uricase. The uricase 
preparation used consists of ox-kidney which has been acetone- 
dehydrated, benzene-defatted, air-dried, and finely ground. In the 
studies described here we used the direct colorimetric method’ that 


1 Koch, F. C., Practical Methods in Biochemistry, 2nd edition, Wm. Wood, 
Baltimore (1937), 130, 284. 
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has been in use in this laboratory for a number of years. The cya- 
nide solution described in this method is replaced by a solution of 
2.5% sodium cyanide in 25% urea, and the tubes are kept at room 
temperature for 3 hours instead of being heated to allow the color 
to develop. Two-cc quantities of blood are incubated for 2 hours at 
40° to 48°C. with 50-mg samples of uricase, after which the blood 
proteins as well as the uricase are precipitated with tungstic acid. 
The uric acid color-value of this filtrate is determined and subtracted 
from the value obtained on a filtrate from untreated blood—the dif- 
ference represents true uric acid. 

The average value obtained on 25 samples of human blood before 
uricase action was 3.0 mg % (varying from 1.9 to 4.6) and the 
average value of these same samples treated with uricase was 0.8 
mg % (from 0.7 to 1.1). The true uric-acid value for these sam- 
ples, then, is 2.2 mg % (varying from 1.1 to 3.8). Recoveries on 
15 samples of human blood to which uric acid had been added in 
quantities of from 2 to 16 mg % averaged 92% (varying from 82 
to 100%). The uric acid added to blood was quantitatively de- 
stroyed by uricase, leaving the same non-uric acid color-value as 
that of the original blood. 

A typical sample of dog blood gave the following results: The 
uric-acid color-value on the untreated blood was 2.1 mg % and on 
the uricase-treated blood, 1.8 mg %, giving 0.3 mg % as the true 
uric-acid value. The true uric-acid value obtained on 10 samples of 
dog blood ranged from 0 to 0.5 mg '%. Uric acid added to dog 
blood is recovered with the same accuracy as with human blood, 
and is quantitatively destroyed when uricase is allowed to act on it, 
showing that there is nothing in dog blood to prevent the detection 
of uric acid by this method. 

The blood of white normal adult rats has a uric-acid value com- 
parable to that of human blood when it is first drawn, but this value 
rises slowly as the blood stands at refrigerator temperature, and 
more rapidly when it is heated at 40° to 48°C. Uricase destroys 
the uric acid present in the original blood and that formed on incu- 
bation of the blood. This formation of uric acid was observed with 
blood drawn and kept sterile as well as with blood collected without 
any attempt to use sterile procedures. 

A typical experiment showing the increase in uric acid as rat 
blood stands at refrigerator temperature follows: A pooled sample 
of blood was drawn by heart puncture from 10 adult normal rats. 
Oxalate was used to prevent coagulation. Immediately after the 
last sample was drawn which was about one-half hour after the 
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first sample, the blood contained 1.5 mg % uric acid before uricase 
action and 0.7 mg % after uricase action, making a true uric-acid 
value of 0.8 mg '%. After the blood had stood for 2 hours this 
value had risen to 2.2 mg % (2.7 mg .% before uricase and 0.5 mg 
% after uricase action). After 7 hours, the true uric-acid value 
was 2.5 mg %; after 26 hours, 3.4 mg %; after 4 days, 5.9 
mg %; and the final analysis after 8 days showed a uric-acid con- 
tent of 7.6 mg %. The non-uric-acid color-value in all the cases 
was from 0.4 to 0.6 mg %. 

Different samples of blood vary in their original uric-acid content, 
but all show approximately the same increase in uric acid with time. 
This increase is from 2.5 to 3.0 mg % in 24 hours and 7.0 mg % 
in 8 days at refrigerator temperature. Blood incubated for 2 to 3 
hours at 40° to 48°C shows a formation of uric acid of the same 
order as that produced in the blood standing 24 hours in the refrig- 
erator. The production of uric acid is not observed when the 
blood proteins are precipitated, the uric-acid content of the filtrates 
remaining the same for the duration of the experiment. 

In an attempt to explain the formation of uric acid on incubation 
of rat blood, the blood was incubated with adenine, guanine, hypo- 
xanthine, and xanthine. Both guanine and xanthine caused a tre- 
mendous uric-acid formation. A typical experiment follows: Rat 
blood that had stood at room temperature for 4 hours after it was 
drawn showed a uric-acid content of 5.7 mg %, and after incubation 
at 40° to 48°C the value increased to 8.5 mg %. Since all the 
purines used were dissolved in alkali it was necessary to run a con- 
trol with alkali. The value in this case was 9.2 mg %. The uric 
acid value of blood incubated with adenine was 7.2 mg %; with 
hypoxanthine, 7.3 mg %; with guanine, 32 mg %, and with xan- 
thine, 40 mg %. In every case the uric acid produced was com- 
pletely destroyed by uricase, the non-uric-acid color-value for this 
experiment being 1.1 mg %. The incubation of blood and uricase 
with xanthine or guanine either prevented the formation of uric 
acid or destroyed it as fast as it was formed. In each case in this 
experiment, 1 cc of blood was incubated with 1 mg of the purine. 
In this instance 1 cc of blood formed 0.2 mg of uric from 1 mg of 
guanine and 0.3 mg uric acid from 1 mg of xanthine in 4 hours at 
40° to 48°. When 0.1 mg of hypoxanthine is incubated with 1 cc of 
blood, it also is converted into uric acid. 

Neither human nor dog blood showed any tendency to form uric 
acid on incubating the blood alone, the values on these bloods re- 
maining constant for a period of 5 days at refrigerator temperature. 
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No uric acid was formed by incubating these bloods with the purines 
used with rat blood. 

Rat blood then contains enzymes which convert guanine, xanthine, 
and hypoxanthine into uric acid. The nature of the action suggests 
the presence of guanase and a very active xanthine oxidase. 

Dixon and Keilin® reported the inhibition of xanthine oxidase by 
cyanide. The production of uric acid on incubation of rat blood 
alone or with guanine or xanthine was inhibited by 0.01 M potas- 
sium cyanide. It was of interest to find that the quinimine form 
of para-amino-phenol reported by Bernheim and Bernheim® as an 
inhibitor for xanthine oxidase also inhibited the formation of uric 
acid from xanthine by rat blood. 
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Vitamin C and Peptone Shock in Dogs. 


Cart A. DRAGSTEDT, SIMON W. EYER AND MAX RAMIREZ DE 
ARELLANO. 


From the Department of Physiology and Pharmacology, Northwestern University 
Medical School, Chicago. 


Hochwald* and others have reported that the administration of 
Vitamin C to sensitized guinea pigs exercises a protective effect 
against the anaphylactic reaction produced by the provocative in- 
jection of the antigen. Hochwald reported that Vitamin C admin- 
istration had no protective effect against histamine shock and there- 
fore postulated that the mechanism of the action of Vitamin C in 
anaphylaxis was to prevent the liberation of histamine rather than 
to inhibit or inactivate the action of histamine after its liberation. 
Ungar, Parrot, and Levillain® reported some im vitro experiments 
tending to confirm this hypothesis. We were unable to confirm the 
protective effect of Vitamin C against anaphylaxis in the dog. Since 
the anaphylactic experiment is, however, quite complex and it is not 
always possible to discriminate between those agents which may 
interfere with the antibody-antigen reactions and those which mod- 


2 Dixon, M., and Keilin, D., Proc. Roy. Soc. London, 1936, 119B, 159, 

3 Bernheim, F., and Bernheim, M. L. C., J. Biol. Chem., 1938, 128, 307. 

1 Hochwald, A., Z. f. d. ges. exp. Med., 1935, 97, 433. 

2 Ungar, G., Parrot, J. L., and Levillain, A., C. R. Soc. de biol., 1937, 125, 1015. 
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ify the resultant reaction, it seemed desirable to test the above hy- 
pothesis of the mechanism of action of Vitamin C in a histamine 
liberating reaction that is apparently not dependent upon an antigen- 
antibody reaction. Such a reaction occurs in peptone shock. We 
have demonstrated that peptone shock in dogs is accompanied by an 
explosive liberation of histamine and that the degree of shock is 
proportional to the amount of histamine liberated.* We have, 
therefore, studied the effect of the prior administration of Vitamin 
C upon the severity of peptone shock in dogs. 

Eleven dogs were anesthetized with ether and sodium barbital 
and the carotid blood pressure tracings recorded to provide an ob- 
jective record of the severity of the shock reactions. Cevitamic acid* 
was injected intravenously in amounts varying from 25 to 100 mg 
per kilo and after varying intervals of from 15 to 45 minutes an 
injection of 2 cc per kilo of a 10% solution of a proteose peptone 
was made. Definite shock reactions occurred in 10 animals, 2 being 
rapidly fatal, 5 quite severe, and 3 mild. The distribution of the 
varying grades of severity of shock was similar with that in a large 
number of controls.* Blood samples were drawn approximately 5 
minutes after the peptone injection and the presence of histamine 
demonstrated in all instances in which the reaction was severe.* 

It is concluded that the prior administration of Vitamin C to dogs 
does not protect against peptone shock and that correspondingly it 
does not prevent the liberation of histamine from the fixed cells of 
the body into the blood. 
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Vitamin C and Anaphylactic Shock in Dogs. 


Simon W. Ever, Cart A. DRAGSTEDT AND MAx RAMIREZ DE 
ARELLANO. 


From the Department of Physiology and Pharmacology, Northwestern University 
Medical School, Chicago. 


Contradictory reports upon the effect of Vitamin C on the ana- 
phylactic reaction of guinea pigs have appeared. Hochwald,* 


3 Dragstedt, C. A., and Mead, F. B., J. Pharm. and Exp. Ther., 1937, 59, 429. 
* We are indebted to Merck and Co. for the Cebione used in these experiments. 
+ Bacto-Protone-Difeo was used in these experiments. 

1 Hochwald, A., Z. f. d. ges. Exp. Med., 1935, 97, 433. 
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Lemke,? and Solomonica® have reported protective effects, while 
Schwartz and Cisloghi* and Van Niekerk® have reported negative 
effects. Giroud and Giroud® have reported protective effects in 
rabbits. To our knowledge no study of the effect of administered 
Vitamin C on the anaphylactic reaction in the dog has been reported. 

Eighteen dogs were sensitized to horse-serum. After incubation- 
ary periods of 15 to 20 days they were anesthetized and the blood- 
pressure reactions recorded to provide an objective record of the de- 
gree of shock produced by the intravenous injection of horse-serum. 
Four dogs were given 250 mg of cevitamic acid* daily by mouth 
throughout the incubationary period, 5 dogs were given intravenous 
injections of 200 mg prior to the sensitization, a daily oral dose of 
500 mg during the incubationary period and a final intravenous in- 
jection of 500 mg before the provocative injection of horse-serum, 
and 9 dogs were given intravenous injections of 100 mg per kilo 
during the last 45 minutes before the provocative injection of 
horse-serum. Sixteen animals showed anaphylactic reactions, of 
which 4 were rapidly fatal and 9 were quite severe. The distribu- 
tion of the various grades of severity of shock were similar with 
that in a large number of controls.’ Through the courtesy of Profes- 
sor C. J. Farmer, the concentration of Vitamin C in the blood was 
determined in some of the animals. 

We are thus enabled to say that the blood concentration was ele- 
vated from normal levels of approximately 0.20 mg '% to around 
0.6 mg .% in the first group, that in the second group the blood 
concentration was moderately high at the time of sensitization (2.0 
to 4.0 mg %), was maintained at fairly high levels during the incu- 
bationary period (around 1.0 mg %) and was considerably elevated 
(11.0 to 20.0 mg %) at the time of the provocative injection of 
horse-serum, and that in the third group the blood concentration was 
above 20 mg % at the time of the provocative injection of horse- 
serum. It is therefore believed that the amounts of cevitamic acid 
used were adequate to influence the reactions if such administration 
has any specific effect. 

2 Lemke, ©. H., Monatschr. f. Kinderh., 1936, 67, 244. 

3 Solomonica, B., J. Immunol., 1936, 31, 209. 

4 Schwartz, E., and Cisloghi, F., Minerva Medica, 1935, 2, 522. 

5 Van Niekerk, J., J. Allergy, 1937, 8, 446. 

6 Giroud, P., and Giroud, A., C. R. Soc. d. Biol., 1936, 121, 1588. 

* We are indebted to Merck and Company for the Cebione used in these ex- 
periments. 


7 Dragstedt, C. A., Mills, M. A., and Mead, F. B., J. Pharm. and Ezp. Ther., 
1937, 59, 359. 
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Although the number of animals used is not large enough to de- 
tect a slight change in response it is evident that the administration 
of Vitamin C in the manner and amounts here employed has no 
marked effect either upon the phenomena of sensitization or the 
subsequent anaphylactic reaction in dogs. 
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An Antidiuretic Substance Present in the Urine of 
Dehydrated Rats. 


GEORGE A. Boy“sTon AND A. C. Ivy. 


From the Department of Physiology and Pharmacology, Northwestern University 
Medical School, Chicago. 


Gilman and Goodman" * have reported the discovery of an anti- 
diuretic substance, which they identify as pituitrin, in the urine of 
animals dehydrated for varying periods of time. These authors 
have suggested that the effective concentration of a hormone re- 
sponsible in any part for the reabsorption of water in the renal 
tubules must increase as the demand for reabsorption becomes 
greater, as in states of dehydration. It has, further, been reported 
by Heller* * that a portion of pituitrin injected into the animal 
body appears in the urine. 

We have repeated a part of the work of Gilman and Goodman, 
and are able to confirm their statement that an antidiuretic substance 
can be recovered from the urine of dehydrated rats. 

Healthy, adult male rats were deprived of water for periods of 
24, 48, and 72 hours. Their urine was collected during 24-hour 
periods in sufficient 1% acetic acid to keep the samples weakly acid. 
An attempt was made to keep the samples free from ‘contamination 
with fecal matter by lining the collecting funnels with glass wool. 
In most cases, this was successful. Urine so collected was filtered 
and dialyzed from 5 to 8 hours against running water, through a 
“viscose” membrane with a wall thickness of 0.0008 inch. It was 
then concentrated im vacuo to approximately 10 cc. When it was 

1 Gilman, A., and Goodman, L. S., Science, 1936, 84, 24. 

2 Gilman, A., and Goodman, L. S., J. Physiol., 1937, 90, 113. 


3 Heller, H., and Urban, F. F., J. Physiol., 1935, 85, 502. 
4 Heller, H., J. Physiol., 1937, 89, 81. 
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necessary to hold the urine for any length of time between steps 
in the processing, it was kept in an ice box. 

The assay for antidiuretic activity was performed according to 
the method of Burn® with the exception that the time required for 
the excretion of one-half the fluid given by gavage was used as an 
index of diuresis, rather than the time necessary to reach the point 
of maximum rate of excretion. These 2 points correspond closely. 
Healthy male rats weighing between 200 and 300 g were used. 
Each rat was given tap water to the extent of 10% of its body 
weight by stomach tube. Each urine concentrate was assayed col- 
lectively on 4 rats. Each rat was injected with 2.5 cc of the urine 
concentrate. Urinary output was measured at 15-minute intervals. 
Interpolation within 15-minute periods was performed when neces- 
sary to determine the “mid-excretion point.” 

Results. (A) Control Group. Fifty control determinations 
were made. Instead of urine concentrate, 2.5 cc tap water was 
injected into each rat of an assay group. The time required to 
reach the “mid-excretion point” was 87 +2.8 minutes. This 
figure corresponds closely with the figure 86 + 11 minutes reported 
by Heller* as the result of 36 similar control determinations. 

(B) Non-dehydrated Group. Six determinations were made on 
the urine of groups of 12 rats collected during a 24-hour period in 
which the animals had free access to water. The time required to 
reach the “mid-excretion point” was 100 + 5.7 minutes. 

(C) Rats Dehydrated 24 Hours. Six determinations were made 
on the urine of groups of 14 rats collected during a 24-hour period 
in which the rats received no water. The time required to reach 
the “mid-excretion point” in this series of tests was 147 + 19 min- 
utes. 

(D) Rats Dehydrated 48 Hours. Nine determinations were 
made on the urine of groups of 14 rats collected during the last 
24 hours of a 48-hour period during which the animals were allowed 
no water. The ‘‘mid-excretion point” in this series was reached 
after 134 + 13 minutes. 

(E) Rats Dehydrated 72 Hours. Ten determinations were 
made on the urine of groups of 14 rats collected during the last 24 
hours of a 72-hour period of water deprivation. The time required 
to reach the “mid-excretion point” in this series was 137 + 9.2 
minutes. 

The foregoing results are summarized in Table I. 


5 Burn, J. H., Quart. J. Pharm., 1931, 4, 517. 
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TABLE I. 
Mean 

No.of ‘‘mid-exeretion Probable 

assays time’’ error 
A. Control group 50 87 Bere: 
B. Non-dehydrated rats 6 100 + 5.7 
C. Rats dehydrated 24 hours 6 147 +19.0 
1 ae iid 48” 9 134 13.1 
mS eS ay, T2022 10 137 92 


(F) Pitressin Controls. Forty cc human urine from a non- 
dehydrated subject was added to 20 cc of 1'% acetic acid. The solu- 
tion was exposed on our collecting stand for 48 hours, then filtered, 
dialyzed and concentrated. Upon assay it produced a “mid-excre- 
tion point” at 94 minutes. To a similar quantity of the same urine 
50 mille units of pitressin were added, and the same process repeated. 
This produced a “mid-excretion point” at 181 minutes. Urine to 
which 200 mille units of pitressin were added, and similarly treated 
produced a “mid-excretion point” at 280 minutes. 

In our series there is no significant difference between the anti- 
diuretic effect of tap water and the urine concentrate of well 
hydrated rats, for the difference between the means of these groups 
is 13, a figure less than 3 times the probable error in the assays. 
There is, however, a significant difference between the control 
mean and that obtained by the injection of the urine concentrate 
of dehydrated animals. 

It will be noted that in our series the amount of antidiuretic sub- 
stance excreted reached a fairly uniform level after 24 hours of de- 
hydration, and remained at about this level for the duration of the 
dehydration period. In this respect, our results differ from those of 
Gilman and Goodman, who found that the excretion of antidiuretic 
substance reached a maximum level at the end of 48 hours’ dehydra- 
tion and remained at about this level during periods of dehydration 
ranging up to 96 hours. The fact that a level of excretion of anti- 
diuretic substance is reached and maintained is in accord with the 
observation of Heller* that within certain ranges, the amount of 
antidiuretic substance excreted by the kidney during experiments in 
which the hormone (pituitrin) is added to the blood, is definitely 
independent of the blood hormone concentration. 

Ingram, Ladd and Benbow® have recently reported the detection 
of antidiuretic substance in the urine of dehydrated but not nor- 
mal cats. Results somewhat contradictory to ours and those of 


6 Ingram, W. R., Ladd, L., and Benbow, J. T., Proc. Am. Physiol. Soc., April, 
1938, p. 107. 
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Gilman and Goodman have recently been reported in abstract by 
Walker.” 

Conclusion, An antidiuretic substance can be obtained from the 
urine of dehydrated rats. This substance is not present in sig- 
nificant quantities in the urine of non-dehydrated rats. Its action 
upon water diuresis is similar to that of pitressin, though we cannot 
say that it is pitressin. 
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Effect of Choline on Atherosclerosis in the Rabbit Aorta.* 


C. A. BAUMANN AND H. P. Ruscu. (Introduced by W. J. Meek.) 


From the Department of Physiology, University of Wisconsin. 


The cholesterol content of rat liver is increased by the feeding of 
cholesterol,” * and its accumulation is accompanied by the deposition 
of large amounts of neutral fat. The increased cholesterol is chiefly 
in ester form.* The fatty livers produced by feeding 1% of choles- 
terol can be prevented by feeding large amounts of choline.” In 
the rabbit, cholesterol feeding results in the deposition of cholesterol 
in the aorta in the form of atheromatous plaques.** Atherosclero- 
sis in rabbits has been prevented by feeding a pancreas extract.” 
The antagonism exhibited between choline and cholesterol deposition 
in the rat led us to investigate the effect of choline on the formation 
of plaques in the rabbit aorta. 

Twelve female rabbits, 1.3 to 3.0 kg in weight, averaging 2.14 
kg were divided into 3 groups. The first group received Purina 


7 Walker, A. M., Proc. Am. Physiol. Soc., April, 1938, p. 210. 

* Supported in part by the Jonathan Bowman Cancer Fund, and the Wisconsin 
Alumni Research Foundation. 

1 Chanutin, A., and Ludewig, 8S., J. Biol. Chem., 1932, 102, 57. 

2 Best, C. H., Channon, H. J., and Ridout, J. H., J. Physiol., 1934, 81, 409. 

3 Okey, R., Proc. Soc. Exp. Bron. anD MEpD., 1933, 30, 1003. 

4Cowdry, EH. V., Arteriosclerosis, Macmillan & Co., 1933. 

5 Rosenthal, 8. R., Arch. Path., 1934, 18, 473. 

6 Menne, F. R., Beeman, J. A. P., and Labby, D. H., Arch. Path., 1937, 24, 612. 

7 Turner, K. B., and Bidwell, E. H., Proc. Soc. Exp. Biot. AND MEp., 1937, 
35, 656; 1935, @2, 721. 

8 Aylward, F. X., and Stott, Wm., Biochem. J., 1937, 31, 2055. 

9 Huber, M. J., Brown, G. O., and Casey, A. E., Proc. Soc. Exp. Bion. AND 
MeEp., 1937, 37, 441. 
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rabbit chow ad libitum; the second, rabbit chow plus 0.43% choles- 
terol and 5% hydrogenated cottonseed oil .(Primex); the third, 
rabbit chow plus cholesterol and 715 mg of choline hydrochloride 
(Eastman) per liter of drinking water. The animals were kept in 
groups and daily water consumption of each group was recorded. 
This gave the average intake of choline for each rabbit. The chol- 
esterol was dissolved in heated primex and poured over the rabbit 
chow and thoroughly mixed. The blood was analyzed periodically 
for cholesterol. At the end of 4 months, the animals were killed, the 
aorti examined both grossly and histologically, and analyzed for free 
and ester cholesterol. Determinations of fat and cholesterol were 
also made on liver, kidney, spleen, and lung tissue. The cholesterol 
was determined by a modification of the Schoenheimer-Sperry meth- 
od.*° In a second series, the cholesterol content of the diet was 
reduced to 0.22%, and the choline hydrochloride given in concentra- 
tions of 0.5 or 1.0 g per liter of drinking water. 

All diets were readily consumed and the animals gained in weight 
from an average of 2.14 kg to 3.44 kg in Series I; from 1.53 kg to 
3.37 kg in Series II. Two deaths from unknown causes occurred 
during the second experiment, one on the cholesterol diet, the other 
on cholesterol plus the higher level of choline. 

A marked increase in blood cholesterol was observed on all the 
levels of cholesterol fed, irrespective of the choline intake. In our 
first series the total blood cholesterol rose from 1.13 to 6.21 mg/cc. 
In our second series, the increase was from 1.13 to 9.9 mg/cc. The 
increases occurred in both the free cholesterol and the ester fractions, 
the greatest increases being in the latter. The maximum value for 
blood cholesterol was attained in from 6 weeks to 2 months on the 
higher level, 0.43% of cholesterol, whereas on the lower level 
(0.22%), the maximum was reached between the third and fourth 
month. However, the maximum values of blood cholesterol at- 
tained were actually higher on the lower level of intake (Table 1). 
In neither series did choline exert any detectable effect on the choles- 
terol content of the blood. 

The results of tissue analyses from the high cholesterol series 
are given in Table II. Fatty livers resulted from feeding 0.44% 
cholesterol, the values rising from a fat content of 3.89% of the 
fresh weight on the control diet to 9.04% on cholesterol and 13.7% 
on cholesterol plus choline. The level of choline employed, there- 
fore, failed to reduce the deposition of liver fat. The cholesterol 
content of the control livers was 10.8 mg per gram. Cholesterol 


10 Schoenheimer, R., and Sperry, W., J. Biol. Chem., 1934, 106, 745. 
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feeding raised this level to 19.2 mg per gram, and cholesterol plus 
choline, to 24.4 mg per gram. Dietary choline was therefore with- 
out effect in reducing liver cholesterol. 

No fatty livers were observed on the lower levels of cholesterol 
fed (Table II). The liver cholesterol was remarkably constant on 
all these diets ; it varied from 11.2 to 12.4 mg per gram; the highest 
value, incidentally, was obtained on the control diet. Choline, there- 
fore, was without effect on either liver fat or liver cholesterol. 

The aorta, on the contrary, like the blood, was profoundly af- 
fected by the ingestion of 0.22% cholesterol (Table II). Charac- 
teristic atheromatous plaques were observed in the aorti of all 
animals receiving cholesterol, regardless of the amount of choline 
ingested. The lesions were similar to those described in detail by 
others,** and while considerable variation was observed between 
individuals, there were no obvious differences between the various 
groups. This conclusion is supported by the results of chemical 
analyses. The cholesterol content of the normal aorta was 5.8 mg 
per gram. The aortas of cholesterol-fed rabbits contained 31.6 mg 
per gram. The administration of choline failed to affect the chol- 
esterol content of the aorta in 6 out of 7 rabbits. The aorta of the 
seventh rabbit contained only 11.8 mg cholesterol per gram, and 
both gross and histological examination showed a decreased num- 
ber of lesions, The blood of this rabbit, however, like that of the 
others in the group, contained large amounts of cholesterol. It is 
doubtful, therefore, whether the decreased number of atheromatous 
lesions should be attributed to the action of choline. The animal 
may have come from a different strain than the others of the series, 
since this was the only one with yellow body fat.7 

On the higher level of cholesterol fed, (0.43%) atheromatous 
lesions, accompanied, by a high cholesterol content, 14.6 to 54.6 mg 
cholesterol per gram of aorta, were observed in all animals (Table 
II) irrespective of choline intake. The cholesterol content of rabbit 
kidney was relatively constant on all diets, and the variations in the 
cholesterol content of the spleen had little relation to the diets em- 
ployed. . 

Summary, Fatty livers, with some increase in liver cholesterol, 
were produced by feeding rabbits a diet containing 0.43% chol- 
esterol; 0.22% cholesterol produced no changes in liver fat. Both 
levels of cholesterol produced marked atheromatous lesions, and a 

t A recent report (Steiner, A., Proc. Soc. Exp. BIoL. AND MED., 1938, 38, 231) 


states that 500 or 750 mg choline hydrochloride daily failed to prevent atheroma- 
tous lesions in rabbits induced by a weekly intake of 3 g of cholesterol. 
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striking increase in the cholesterol content of the aorta and blood. 
Three hundred mg of choline hydrochloride daily failed to counter- 
act the effect of cholesterol in the blood, liver or aorta. 
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Use of Ascitic Fluid in the Treatment of Primary Shock. 


Rocer M. Cuoisser AND ELIzABETH M. Ramsey. (Introduced by 
Earl B. McKinley.) 


From the Department of Pathology, School of Medicine, George Washington 
University, Washington, D. C. 


It has been abundantly demonstrated that the symptoms of pri- 
mary shock can be relieved by prompt administration of fluid to 
replace that diverted from the general circulation. Blood is the 
ideal fluid for this purpose since its protein content prevents too 
rapid elimination by the kidneys. Of the blood, the serum alone is 
vital to this action. However, transfusion cannot be performed 
without time-consuming preliminaries. The ideal fluid for emer- 
gency use would, therefore, be some stable, universally compatible 
protein solution which might be kept on hand at all times. A sterile 
body transudate would present several advantageous features, in 
particular the nature of its protein content which is identical with 
that in blood serum. Ascitic fluid, among the transudates, would be 
especially desirable since it is elaborated in non-infectious conditions 
and is available in most clinics in large amounts. 

A study of ascitic fluid has been carried out in this laboratory to 
determine its suitability for this use. Nineteen specimens of ascitic 
fluid were used, the majority of which were obtained from cases of 
advanced portal cirrhosis of the liver. All specimens were filtered 
under aseptic conditions, cultured for sterility and their respective 
agglutinins determined. Protein and pH determinations were car- 
ried out in the usual manner. All fluids were found to be not only 
sterile but strongly bacteriostatic. The pH was uniformly in excess 
of 8.65. This was reduced to 7.5 with N 10 hydrochloric acid prior 
to administration. The protein content ranged from 2.1 to 4.2 mg 
%. It was found impractical to remove the agglutinins by the 
classic globulin precipitation method, as dialysis to remove the 
ammonium sulphate produced too great a dilution. Many of the 
agglutinins were amenable to destruction by heat—especially the 
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B agglutinins, others were only temporarily suppressed by this 
treatment. 

The effect of intravenous administration of ascitic fluid was 
studied in 10 dogs weighing 10 to 15 kg. A basal nembutal anes- 
thesia was employed and, after stabilization of the blood pressure, 
shock was produced by withdrawal of blood, by trauma or by a 
combination of hemorrhage and trauma. Twenty minutes follow- 
ing a shock-level drop in blood pressure, an amount of compatible 
ascitic fluid (1500 cc) sufficient to contain a concentration of pro- 
tein equivalent to that in 1000 cc of whole blood was slowly admin- 
istered intravenously. An immediate rise in blood pressure to 90% 
of the original reading was effected. This was maintained for 2% 
hours, at the end of which time the experiment was terminated. 
Repetition of this experiment, using the animal’s own citrated blood 
in the full amount removed, returned the pressure to the original 
volume. The use of a 0.9% solution of sodium chloride effected 
a 68% return which was maintained for only 15 minutes. Follow- 
ing this there was a gradual drop in pressure to the previous shock 
level associated with diuresis. 

The favorable results with ascitic fluid were obtained only when 
a fluid naturally devoid of agglutinins was used. The use of fluids 
containing naturally incompatible agglutinins or fluids in which 
incompatible agglutinins had been temporarily suppressed by heat 
resulted in an initial restorative effect like that described, followed 
after several hours by a rapid fall in pressure and death of the ani- 
mal. Subsequent necropsy of these animals revealed multiple in- 
farctions of lungs and brain. Reinvestigation of the “agglutination 
suppression” phenomenon showed it to be effective only for human 
cells. The agglutinating activity of the fluid was retained with re- 
spect to dog cells. 

Summary. Sterile ascitic fluid of high protein content, free from 
agglutinins, is of value in combatting artificially produced primary 
shock in dogs. The effect is immediate and prolonged. The per- 
centage return of blood pressure closely approximates that obtained 
when whole blood is used. 
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Effects of Insulin Shock on Behavior and Conditioned Reflex 
Action in the Well Trained Sheep.* 


J. A. Rosse, A. TAINToN-PotTseRG AND O. D. ANDERSON. (Intro- 
duced by H. S. Liddell.) 


From the Department of Physiology, Cornell University Medical College, 
Ithaca, N. Y. 


Insulin shock has radically, and perhaps permanently, altered the 
behavior of a sheep whose conditioned reflexes and general behavior 
have been studied for 7 years. During the year preceding the insu- 
lin experiment the conditioned motor reflex had gradually failed 
(Fig. 1-A) although the sheep remained quiet and alert during the 
20-minute test period. The sheep was started on 10 units of insulin 
and the daily dose was increased by 10 to 15 units until coma and 
convulsions occurred. First signs of coma were observed at 160 
units but dosage was carried to 280 units in an effort to secure 
typical shock phenomena. Convulsions were induced on 7 successive 
days. 

No discrepancies in the results as given below for a typical day 
were observed. Insulin is given to the fasting sheep at 9 A. M.; in 
5 hours it is standing with head drooping, lips twitching, and must 
be carried into the testing laboratory. It is placed upon the observa- 
tion platform with great difficulty. When in the testing frame the 
sheep is induced to stand but soon slowly sinks. After a few min- 
utes it rises and stands for a few minutes, then sinks again. When 
standing, the head gradually droops, the eyelids close; then suddenly 
the head is raised and the eyes are opened. This sequence is re- 
peated many times throughout the first part of the observation 
period. 

At this time the heart rate is normal or below normal (80-60) ; 
breathing is labored and noisy. The animal is now tested. It not 
only shows no conditioned motor (defensive) reflex but fails to re- 
spond to any outside stimulus. In an effort to show what is hap- 
pening to the animal at all times, the conditioning test (sound of 
buzzer for 10 seconds followed by shock to the left foreleg) is re- 
peated at the usual 5-minute intervals in the coma, the recovery 
period, and for some time after. After about an hour of fairly 


* The expenses of this investigation were defrayed in part by a grant from 
the Josiah Macy, Jr., Foundation. 
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severe convulsions glucose is administered by mouth. In about 30- 
40 minutes the animal becomes more alert. It stands, eyes open, 
head no longer drooping, and repeated head movements are seen. 
At this time the sheep shows evidence of beginning hyperexcitability. 

In the intervals between conditioning tests the sheep which for- 
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In each record, reading from top to bottom: head movement, foreleg move- 
ment, respiration, heart rate, signal, shock, time in seconds. 

A. A graphic record of the behavior of a normal sheep. Note the absence of 
the conditioned foreleg movement to the buzzer. The animal is perfectly quiet in 
the interval between the two buzzer tests. 

B. A record of the behavioral reactions of the same animal a short time after 
insulin shock. Note that the animal shows frequent restless movements in the 
interval between the two conditioned stimuli. Contrast this record with that of A. 

GC. A record of the behavior of this animal 3 days after the series of insulin 
shocks. Note the extreme vigor of the conditioned reflex elicited by the buzzer 


(conditioned) stimulation. 
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merly stood without movement now exhibits spontaneous flexion 
movements of the reaction leg (left foreleg). These occur with 
great frequency and are accompanied by an increase in respiration 
and pulse rate as observed in experimental neurosis (Fig. 1-B). 
The defensive reaction of the limb to shock (in abeyance during 
coma) shortly manifests itself. 

About an hour after the glucose administration, signs of over- 
activity are still quite evident. The conditioned reflex which has 
been almost entirely absent for one year now reappears with abnor- 
mal vigor. The interval leg movements decrease in frequency as 
the tests continue and the amplitude of the conditioned movements 
(1. e., during buzzer signal) increases as they decrease (Fig. 1-C). 
At about 5 P. M. the sheep is returned to its pen and fed. Pulse and 
respiration are approximately normal. 

In the recovery period from each of the 7 insulin shocks the 
movements of the reaction limb (left foreleg) in the rest intervals 
between signals appeared for the first time in the history of this 
animal and occurred at times with a frequency as high as 6 per 
minute. Such movements have been observed only in animals ex- 
hibiting experimental neurosis. On each occasion the number of 
such movements gradually decreased and as this occurred the con- 
ditioned reflex reappeared. The latter at times attained a value as 
high as 420 mm as determined by Fick’s work adder. Such a con- 
ditioned reaction was by far the most vigorous one the sheep had 
ever given. Inthe tests made during the period from the last insulin 
dose on December 12th to the present, March 5th (244 months) 
the conditioned responses showed an average magnitude of 185 mm 
which notably exceeds the average figure for 6 years preceding the 
experiment (150 mm) and is more than 4 times as great as during 
the immediately preceding year (39 mm). At present the interval 
leg movements appear but rarely. 
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Influence of Progesterone on Experimental Tuberculosis in 
Male Guinea Pigs. 


MERIDIAN R. GREENE AND HERBERT R. Morcan. (Introduced by 
T. D. Beckwith.) 


From the Department of Bacteriology, University of California, Los Angeles. 


As the condition of tuberculous patients appears to improve dur- 
ing the early months of pregnancy, we were interested in noting 
what influence the hormone, progesterone, might have on experimen- 
tal tuberculosis, 

Steinbach and Klein* found that pregnant mare serum, Antui- 
trin-S and Follutein to a less degree, retarded tuberculosis in rabbits 
and guinea pigs. Since the latter two agents stimulate the ovaries to 
luteinization, it seemed not unlikely that the effect on tuberculosis 
might be due to a hormone from the corpus luteum, which develops 
and persists during pregnancy. 

Male guinea pigs were used to eliminate fluctuations in secretion 
of hormones from the ovaries that would occur in the female. Ani- 
mals used had an initial range of weights from 370-470 g and were 
negative to tuberculin. Twenty were inoculated subcutaneously 
with 1 mg of the C3 strain of bovine tubercle bacilli. On the same 
day, % unit of progesterone* was given to each of 10 of these 
animals and to a non-infected one by the subcutaneous route. The 
dose was administered 3 times weekly for 6 weeks. One non-in- 
fected animal which was not given progesterone was included in the 
series. The hormone preparation was an oil solution and contained 
one rabbit unit per cc as defined by Parke, Davis & Co. The original 
culture of tubercle bacilli was obtained from the laboratories of the 
New York City Department of Health. The culture used had been 
grown for 3 weeks on Petrofi’s medium and the suspension was 
made in saline. At autopsy, the animals were scored for tubercu- 
losis by the method of Petroff and Steenken.? Tissues from 8 in- 
fected animals, of which 4 had received progesterone, and tissues 
from the 2 non-infected animals were fixed in Zenker’s solution. 
Alternate paraffin sections were stained by the hematoxylin and 
eosin and Ziehl-Neelsen methods. 

1 Steinbach, M. M., and Klein, 8. J., J. Exp. Med., 1937, 65, 205. 

* We appreciate the courtesy of Parke, Davis & Co. in supplying us with 
Lipo-Lutin. 

2 Petroff, S. A., and Steenken, W., J. Immunol., 1930, 19, 79. 
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Four weeks after inoculation, the animals receiving hormone 
weighed, on an average, 80 g less than the controls. At 2 weeks, 
tuberculin reactions were 3+ in both groups. All animals had in- 
guinal lymph nodes which were much enlarged. At 4 weeks, the 
reactions were less intense and several animals did not respond to 
tuberculin. The variations were common to both groups. Most 
animals had ulcerations at the site of inoculation in the inguinal re- 
gion. Non-infected guinea pigs were negative to tuberculin. 

One animal from each group was killed on the 24th day and on 
the 38th day and the remaining guinea pigs were sacrificed 45-48 
days after inoculation. Each of the latter animals receiving hor- 
mone had been given a total of 9 units. 

Individual scores for macroscopic tuberculosis ranged from 2+ 
to 4+ (Table I). The average score for the tuberculous animals 
which received progesterone was 3.1. That for animals not given 
hormone was also 3.1. Variations in type and extent of lesions in 
various organs were common to both groups. 

Sections were prepared from the lung, liver, spleen and some of 
the lymph nodes. These showed the presence of tubercle bacilli. In- 
volved areas consisted of single and confluent miliary tubercles 
made up of epithelioid and giant cells with a peripheral zone of 
lymphocytes. Central necrosis was not common. Extensive case- 
ation was rare except in the lymph nodes. Sections from the kidney 
and testis revealed no involvement with tuberculosis. 

The dose of tubercle bacilli was large but the degree and extent of 
involvement was not maximum in control animals. A decided re- 
tardation of the tuberculous process by progesterone would probably 
have manifested itself. However, it might be that the hormone 
would show some effect in female animals. 

Development of a tuberculous infection in male guinea pigs was 
not retarded by small doses of progesterone nor was there an altered 
skin sensitivity to tuberculin. 
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Protective Action of Typhoid Phage on Experimental Typhoid 
Infection in Mice. 


Roy T. Fisk. (Introduced by John F. Kessel.) 


From the Department of Bacteriology, School of Medicine, University of Southern 
California, and the Los Angeles County Hospital, Los Angeles. 


Asheshoy, Wilson and Topley* have reported on the protective 
effect in mice of typhoid bacteriophage given separately and by 
routes different from those used in infecting the animals. The pre- 
liminary studies here reported confirm the findings of the above 
investigators and enlarge upon certain aspects of the problem. 

A. recently isolated strain of Eberthella typhi obtained by blood 
culture was employed. It forms smooth colonies, is motile, pro- 
duces typical sugar fermentation reactions and agglutinates specific- 
ally with anti-typhoid serum. Organisms from 18- to 24-hour-old 
cultures grown on veal infusion agar were suspended in mucin* 
according to the methods of Rake? and Miller,* and mice were in- 
fected by the peritoneal route, all inoculations being made with a 
quantity of 1 cc of the mucin-organism mixtures. 

The phage was originally isolated from sewage and is a crude 
phage which produces several different types of plaques. Filtrates 
which contained approximately 3.3x10° phage particles per cc were 
used for mouse injection. 

Typhoid infection in mice was acute. Blood stream invasion with 
resulting bacteremia usually occurred within 1 hour following intra- 
peritoneal inoculation and all of the fatally infected control mice 
died within 24 hours. The minimal fatal dose of the culture varied 
in 7 virulence tests from 1000 to 10 bacilli, thus the quantity of 
organisms used in the phage experiments represented from 1000 to 
100,000. fatal doses. 

The protective effect of phage was tested by various ways in 7 ex- 
periments, the results of which may be summarized as follows: 

(1) Phage injected immediately before the intraperitoneal inoc- 
ulation of 1x10° typhoid bacilli protected all of 32 mice when in- 
jected intravenously and all of 19 mice when administered by the 
subcutaneous method. Intravenously injected phage also protected 

1 Asheshoy, I. N., Wilson, J., Topley, W. W. C., Lancet, 1937, 232, 5919, 319. 

* Granular mucin manufactured by Wilson Laboratories, Chicago, Il. 


2 Rake, G., Proc. Soc. Exp. Brot. AND Mep., 1935, 32, 1523. 
3 Miller, C. P., J. Inf. Dis., 1936, 58, 263. 
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against 1x10’ and 1x10® bacilli, but failed to protect against 5x10° 
organisms which may have been due in part to the primary toxicity 
of such a large number of organisms. 

(2) The amount of phage required to protect mice against 1x10° 
bacilli was found to be quite small since 1x10~* cc afforded com- 
plete protection to 10 mice. Smaller amounts of phage showed a 
diminishing effect. 

(3) Inother experiments it was found that mice remain resistant 
to infection for as long as 24 hours following intravenous phage in- 
jection. The persistence of resistance following other methods of 
phage injection or for longer periods after intravenous injection has 
not yet been determined. 

(4) The therapeutic effect of phage was tested by injecting 
phage intravenously at various periods of infection up to 4 hours 
after typhoid inoculation. Blood cultures taken in every instance 
before phage injection showed bacteremia to be present in 23 of the 
29 mice of this experiment. The fact that all of these mice sur- 
vived even when phage injection was delayed for 4 hours shows 
that phage exerts a protective effect even after generalized infec- 
tion has taken place. 

(5) Control mice were included in each experiment. Among 
the untreated controls 44 of 48 mice died and in another group 19 
out of 20 mice treated with phage heated to 70°C for 50 minutes 
developed a fatal infection. Thus among the 68 control mice there 
was a mortality of 92.6%. 

It is apparent from the results obtained in this study that bacterio-. 
phage exerts a protective action in experimental Eberthella typhi 
infection in mice. Asheshov, Wilson and Topley* who worked with 
the “Rejuvenated Rawlings” strain of E. typhi and both pure and 
mixed phages also demonstrated the protective effect of phage. 
They record, however, that 23 of 30 mice died when phage injec- 
tion was delayed for 4 hours. The use of mucin in the present study 
made possible the inoculation of smaller numbers of bacilli which 
perhaps explains the more striking curative results obtained. 


Ce 
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Function of the Giant Fibers of the Central Nervous System 
of the Crayfish. 


C. A. G. WIERSMA. 


From the William G. Kerckhoff Laboratories of the Biological Sciences, California 
Institute of Technology, Pasadena. 


Johnson* has made studies about the course, the connections and 
the function of the giant fibers of the central nervous system of a 
few crustaceans, especially of Cambarus. Without actually isolating 
these fibers, he came to the conclusion that both sets of giants, de- 
scribed as the median and the lateral giants, have the function of 
flipping the tail. The median giants seem to connect with the motor 
fibers of each abdominal segment by a very simple contact mechan- 
ism; the connection of the lateral giants with the motor fibers is not 
as well known. 

With the same method as used in the studies on the peripheral 
nerve-muscle system of crustaceans* it was possible to isolate in 
the oesophageal commissures these 2 sets of giant fibers of Cam- 
barus clarkui and to stimulate them separately. The median giant 
fibers are considerably thicker than the lateral ones, the former have 
a diameter which varies between 200 and 250», whereas the latter 
measure 60» to 90» in the animals used. 

It was found that single induction shocks applied to the unpre- 
pared oesophageal commissure or to any of the 4 giants caused a 
twitch-like contraction of the flexor muscles of the tail, a stretching 
of the legs and an inward movement of the antenna. The other 
fibers in the oesophageal commissures do not give a noticeable reac- 
tion to single shocks (with faradic stimulation various effects may 
be obtained from them). The tail contractions were registered either 
isotonically with load or isometrically and it was found that the 
effect of single shocks applied to any of the 4 fibers did not vary with 
the strength of the stimulus within wide limits. The threshold con- 
traction is of a considerable strength and only with very strong 
shocks is a higher contraction obtained, which is due either to stim- 
ulation of the other giant fiber in the same commissure by current 
escape, or to a repeated discharge in the stimulated fiber. There can 
thus be no doubt about the validity of the all-or-none relation of this 
system, which is the more convincing as the series of connections 
which each giant makes in the row of ganglia would be an ideal 

2 Harreveld, A. van, and Wiersma, C. A. G., J. Physiol., 1936, 88, 78. 
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opportunity for decremental conduction to show, as the number of 
ganglia reached would be then proportional to the strength of the 
stimulus. : 

The question whether these fibers are really intracentral fibers 
and thus connected with the peripheral neuron by a synapse must be 
answered in the affirmative. It is possible to stimulate separately 
the 3 peripheral nerve bundles which leave each ganglion on both 
sides. Single shocks of moderate strength never result in a real 
twitch of the tail. Only on stimulation of the third root is some 
flexion obtained, but this contraction is localized to the segment in- 
nervated by this root. ‘After cutting a third root, stimulation of 
the peripheral part has an effect similar to that obtained before the 
cutting, whereas stimulation of the central stump does not result in 
a visible effect unless the stimulus is made so strong that a stimula- 
tion of the giant fibers in the chain is possible by current escape. 

Experiments on the summation of 2 single induction shocks given 
to 2 different giants were carried out in 3 combinations. For the 2 
median giant fibers it was found that no summation occurred when 
they were stimulated simultaneously. When either one was stimu- 
lated before the other with intervals up to about 1.30 there was no 
summation. With slightly longer intervals there was some summa- 
tion, which became maximal at an interval of about 1.70, and de- 
clined slowly with increasingly longer intervals. For the 2 lateral 
fibers the maximum interval between stimuli during which no sum- 
mation occurs is about 4.50 and the first summated contraction is 
usually also maximal. When a median and a lateral giant are com- 
bined, the result is less clear than in the foregoing cases. Often 
some summation is obtained at all intervals. It should be remarked 
that the contractions caused by a median and a lateral giant are often 
not quite equal in height; in a fresh preparation the median usually 
causes a somewhat stronger contraction than the lateral, but this 
varies in different animals and in the course of one experiment. 
There is usually a pronounced summation when these 2 fibers are 
stimulated simultaneously. When the median giant is stimulated 
before the lateral one, summation occurs at all intervals at which the 
2 contractions fuse. When the lateral giant is stimulated first a 
range of intervals occurs giving much less or no summation, this 
range is from about 0.5¢ to 30; longer intervals again give summa- 
tion. 

These experiments show that a “refractory period” is obtained 
by stimulation of different fibers, and from this it must be concluded 
that all 4 giant fibers govern the same peripheral nerve-muscle sys- 
tems in the tail. 
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Protoplasmic Potentials in Halicystis. VI. Role of Ammonia in 
Potential Reversal by Perfusion.* 


L. R. Buinxs. 


From the Jacques Loeb Laboratory, Hopkins Marine Station, Pacific Grove, and 
Bermuda Biological Station.t 


Earlier papers’ have described the reversal of the normally posi- 
tive potential difference across the protoplasm of impaled cells of 
Halicystis osterhouti (Bermuda) both by exposure to ammonia 
(or other weak bases) and by perfusion of the vacuole with more 
alkaline sap or sea water. The author was then inclined to explain 
the former effect by the latter, since penetration of ammonia raised 
the vacuolar pH. One difficulty of this interpretation was that the 
Californian species, H. ovalis, did not show such reversal on perfu- 
sion with sea water at pH 8.0 or higher, although reversing well on 
exposure to ammonia. This difference between the species now 
seems reconciled by referring the effects in both cases to the penetra- 
tion of ammonia into the protoplasm. This is shown in H. ovalis 
by introducing into the perfusing fluid a trace of NH,C1; at pH 5.0, 
the normal acidity of the sap, no effect is observed, but if sea water 
now is perfused at pH 8.0, reversal of potential often results. Then 
as perfusion is continued, and removes the added ammonia, recov- 
ery of positive P.D. may result, even at pH 8.0. 

Reéxamination of H. osterhoutu in Bermuda shows similar re- 
sults. Very clear, pale cells, with no evidence of recent reproduc- 
tion, also do not show reversal of P.D. when perfused with sea water 
at pH 8.0. This behavior was sometimes found in earlier work, but 
was then ascribed to imperfect perfusion; such is now definitely not 
the case, since rapid flow, good mixing in the vacuole, (as shown by 
tracer dyes), and long continued perfusion were carefully main- 
tained. Certain other cells at first may reverse on such treatment, 
but later recover positive P.D. on continued perfusion. In both of 
these cases, addition of a trace of NH,Cl to the perfusing fluid 
promptly causes reversal, which can be counteracted by lowering 
the pH to 6.0 or less :—the effect originally ascribed to pH alone. 
In such a state also, the P.D. responds to light, in a manner analo- 

* Aided by a grant from the Rockefeller Foundation. 

t Contribution from the Bermuda Biological Station for Research, Inc. 


1 Blinks, L. R., J. Gen. Physiol., 1933, 17, 109; 1935, 18, 409. The methods 
employed are described in these papers. 
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gous to that produced when ammonia is externally applied. This 
effect, which will be described elsewhere, seems wholly attributable 
to the pH changes accompanying photosynthesis, acting upon the 
ammonia dissociation. In the absence of ammonia, the effects of 
light are much smaller. 

Examination showed, however, many cells of H. osterhoutu 
like those originally reported, which display continued reversal of 
P.D. during perfusion of sea water for long periods. These are 
generally dark green in color, and have dark masses, the remains of 
unliberated gametes from previous reproductive periods, floating 
in the vacuole. Ammonia can be detected in the vacuolar sap of 
such cells up to 0.005 M or higher by Nessler test; it is possibly 
derived from the breakdown of the gametes. Obviously consider- 
able dilution of the sap must be necessary to reduce this value below 
threshold concentrations for reversal, which in this species oc- 
curs on external application of 0.0005 to 0.001 M NH,Cl at pH 
8.0. Since perfusion is less certain in these very cases, due to re- 
peated clogging of the outlet capillary by the floating masses, incom- 
plete elimination of the “native” ammonia appears to be the ex- 
planation of the earlier results; thus an imperfect perfusion re- 
sults in reversal, rather than in failure to reverse. 

A corrected interpretation for both species is now suggested: 
Reversal of P.D. is not produced by high pH alone, either in sea 
water or vacuole; i. e., strong bases are not effective in the physio- 
logically tolerated pH range. But if a weak base, such as am- 
monia (or amines) is present, either externally or in the vacuole, 
then raising the pH at that place causes the P.D. to fall or to 
reverse. This is doubtless due to the penetration of undissociated 
weak base into the protoplasm, with an expected rise in the proto- 
plasmic pH. How this internal acidity change operates upon the 
potential mechanism is not known, but it may be upon the charges 
either of organic ions responsible for the potential, or of surfaces 
necessary for its manifestation. . 
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Effect of Vitamin E Deficient Diet Upon Skeletal Muscle. 


G. C. KNowLTon AND H. M. HINEs. 
From the Department of Physiology, State University of Iowa. 


It has been shown by Evans and Burr’ that muscular weakness, 
paralysis, and death might occur in young rats which suckled moth- 
ers receiving a diet deficient in vitamin E. Symptoms became ob- 
vious when the animals were about 3 weeks of age. The muscles of 
animals so afflicted show marked histologic changes (Olcott’). 
However, all of the animals are not affected in this way. Many 
survive and live to maturity even though continued on a vitamin E 
deficient diet after weaning. 

The object of these experiments was to study the functional 
capacity of the gastrocnemii muscles of adult rats which had been 
reared on a vitamin E-deficient diet. Through the cooperation of 
the Biochemistry Department such rats were made available to us 
for study. The prospective mothers were given a vitamin E-free 
diet (Olcott?) with just enough wheat germ oil to produce almost 
continuous fertility. Those of the young which survived to the 
28th day were weaned and placed on the vitamin E-deficient diet.’ 
A part of them which received a wheat germ supplement served as 
the controls. 

The animals were continued on this diet to an age of from 4 to 
6 months. At that time the maximum isometric tension developed 
by the intact gastrocnemius in response to condensor discharges, at 
the rate of 50 per second, was determined. In addition the creatine, 
chloride and water concentrations of the gastrocnemius were de- 
termined. Some of the muscles were reserved for histological ex- 
amination. In certain instances the muscles were tested for sensi- 
tivity to remote acetylcholine injection. 

The results of the tension experiments and chemical analysis are 
summarized in Table I. The tension developed by the muscles of 
the experimental males is definitely less than that found for the 
control animals whether the muscles were stimulated directly or 
through the peripheral motor nerve. Furthermore, the tension 
developed by the muscles of the animals on the vitamin E-free diet 
in response to nerve stimulation was considerably below the tension 
developed upon direct stimulation. Thus it appears that the vita- 


1 Evans, H. M., and Burr, G. O., J. Biol. Chem., 1928, 76, 273. 
2 Oleott, H. S., J. Nutrition, 1938, 15, 221. 
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min E-deficient diet has resulted in a failure of the muscle to ex- 
hibit normal contractile power. It may be noted here that the ten- 
sions developed by the muscles of animals receiving the vitamin E- 
free diet plus wheat germ oil are of precisely the same order as for 
rats of a similar age reared on our stock diet. 


TABLE I. 
Sex é é Q Q 
Diet E-free E-free 
+ wheat + wheat 
E-free germ oil E-free germ oil 
No. animals 12 8 14 9 
Body wt. (g) 235 307 188 206 
Muscle tension, g per g muscle 
(a) Nerve stim. 802 1680 1264 1790 
(b) Muscle stim. 1188 1773 1412 1774 
Muscle wt. 
x 100 0.58 0.53 0.58 0.60 
Body wt. 
Creatine, mg/100 g muscle 368 451 442 477 
% water in muscle 76.6 75.4 == —_ 
Cl in mg/100 g muscle 71.0 45.0 — —_ 


The changes in creatine and chloride concentrations are also in- 
dicative of muscle dystrophy. The constancy of the muscle weight to 
body weight ratio in the experimental and control series indicates 
that there was no gross atrophy. 

Histologic examination* showed a focal hyaline necrosis in only 
a few fibers and an occasional instance of proliferation of sarco- 
lemma nuclei. This alteration in contractile ability of the muscles 
in the absence of characteristic histologic change is reminiscent of 
certain types of myopathy in humans where the clinician is able to 
elicit signs of impaired muscle function while very little pathologic 
change is present in the biopsy material. 

Ringsted* reported the development of paresis in rats after 4-5 
months on a vitamin E-free diet. This was based on direct obser- 
vation of the animals and no more intimate studies were made of the 
musculature. The animals used in our experiments gave no such 
outward signs of muscular weakness, even though the maximum 
power of the muscles was considerably reduced. 

Burr, Brown and Mosely* have described paralysis in rats after 
22 months on a vitamin E-free diet. Their remark that the muscles 


* We are indebted to Dr. K. M. Brinkhous for the preparation and interpre- 
tation of the tissue sections. 

3 Ringsted, A., Biochem. J., 1935, 29, 788. 

4 Burr, G. O., Brown, W. R., and Mosely, R. L., Proc. Soc. Exp. Bion. AND 
Mep., 1937, 36, 780. 
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are unaffected is difficult to evaluate as it is not clear whether any 
quantitative measure of the response of the muscle to stimulation 
was made. Certainly our animals have given unmistakable func- 
tional and chemical evidence of dystrophic changes in the muscle 
after 5 months. 

In view of the consistent differences in tension found between 
the responses to direct and motor nerve stimulation the sensitivity 
of the musclés to remote acetylcholine injection was tested in a 
group of experimental and control animals. In no instance was 
there any indication of a response to 400 gamma of acetylcholine 
bromide injected into the jugular vein of atropinized, eserinized 
control males while in the majority of experimental males a slight 
but definite response was elicited. The exact significance of this 
is not clear. So far as we are aware, the only procedure which 
will definitely sensitize skeletal muscle to acetylcholine is motor de- 
nervation. On that basis the acetylcholine test would indicate that 
the peripheral motor nerve is only slightly affected. 

The data concerning the experimental and control females show 
the same changes as those of the males. Quantitatively the changes 
are less. It appears that there is a definite sex difference in the 
effect of deficient vitamin E intake upon the skeletal musculature. 
Whether this marked difference in the effect upon males and fe- 
males is due to a gonadal or somatic effect of the deficiency is not 
known. It may be noted that the effect upon size is more pro- 
nounced in the males than in the females. The growth-promoting 
effect of vitamin E has been shown by Evans’ to be independent 
of any effect upon the gonads. 

Conclusions. Rats reared from birth on a vitamin E-deficient 
diet show dystrophic changes of the skeletal musculature within 6 
months. This is evidenced by a decreased maximal contractile 
power, and decreased creatine and increased chloride concentration 
of the gastrocnemius muscle. The male is affected to a greater 
extent than is the female. These changes become manifest in the 
presence of only minor histologic change in the muscle, and without 
the appearance of gross symptoms. It is apparent that wheat germ 
oil will protect completely against these changes. 


5 Evans, H. M., J. Nutrition, 1928, 1, 23. 
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IV. Negative Effect of Colloidal Carriers on Enhancement of 
Antigenic and Sensitizing Properties of Polysaccharides. 


Sam C. Wonc ann T. T’unc. (Introduced by C. E. Lim.) 


From the Department of Bacteriology and Immunology, Peiping Union Medical 
College, Petping. 


The role played by inert colloidal substances on the enhancement 
of antigenic properties of bacterial polysaccharides is still a debatable 
one. Although positive evidence of such an increase in immunolog- 
ical activity has been reported by Zozaya* and by Hoffstadt and 
Clark,’ the general opinion*®* ° is that such an effect occurs with 
polysaccharides that are weakly antigenic themselves. In view of 
these discrepancies it appears to be of interest to determine whether 
the sensitizing and antigenic properties of the polysaccharides of 
Bacillus rhinoscleromatis can be improved by colloidal carriers. The 
polysaccharides of this organism were thought to be especially suit- 
able for this study because of 2 serologically very similar prepara- 
tions, one is weakly antigenic in rabbits and weakly sensitizes 
guinea pigs, while the antigenic properties of the other are in- 
significant.® 

The polysaccharides used for this experiment include a fraction 
prepared by hydrolysis with 1% acetic acid and a fraction prepared 
by hydrolysis with 0.5% potassium hydroxide of the organism re- 
maining after acid-hydrolysis. The details of the method of prep- 
aration and the chemical and immunological characteristics of the 
2 fractions have been previously reported.® The colloidal substances 
included collodion particles, aluminium hydroxide, charcoal, and hog 
serum. The collodion particles were prepared according to the 
methods of Zozaya* and the aluminium hydroxide according to the 
method of Hektoen and Welker.’ Adsorption was carried out by 
mixing varying concentrations of polysaccharide with the colloidal 
substance, incubating at 56°C for 2 hours and leaving in the icebox 
overnight. In the case of hog serum equal volumes of a 1:250 

1 Zozaya, J., J. Exp. Med., 1932, 55, 324; Ibid., 1933, 57, 21. 

2 Hoffstadt, R. E., and Clark, W. M., J. Inf. Dis., 1935, 56, 250. 

8 Lewis, J. J., Ibid., 1935, 57, 94. 

4 Landsteiner, K., and Jacobs, J., Proc. Soc. Exp. Bion. anD MeEp., 1933, 30, 


1055. 
5 Jacobs, J., J. Exp. Med., 1934, 59, 479. 
6 Wong, S. C., Proc. Soc. Exp. Broun. AND MEp., 1938, 38, 107. 
7 Hektoen, K., and Welker, W., J. Inf. Dis., 1933, 53, 309. 
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concentration of polysaccharide and serum were mixed and treated 
in the same manner. Twenty-eight normal rabbits were divided 
equally into 2 groups: Group I receiving the acid-prepared polysac- 
charide mixed with colloidal substances and Group II receiving 
the alkali-prepared polysaccharide. Three rabbits were used for 
each type of colloidal carrier in each group and 4 rabbits received 
only the polysaccharides. Immunization of rabbits was carried out 
by giving 1 cc of the colloidal suspension on 3 successive days, rest- 
ing 4 days, followed by 2 more series of injections, making a total 
of 9 injections representing 18 mg of polysaccharides. 

For sensitization of guinea pigs only aluminium hydroxide con- 
taining 9 mg per cc of the acid-prepared polysaccharide was used. 
Two series of 8 guinea pigs each, weighing between 300 to 350 g, 
were sensitized by one subcutaneous injection followed by 2 intra- 
abdominal injections of the acid-polysaccharide colloidal mixture 
and of the acid-polysaccharide alone, each animal receiving a total 
of 23 mg. The injections were made at 5-day intervals and the 
test for supersensitivity was done 15 days after the last injection. 
It was found that the injection of 2 to 5 mg of the acid-polysac- 
charide either intravenously or intracardially into the guinea pigs 
of both groups elicited the same type of chronic non-fatal anaphylac- 
tic response, not a single fatal outcome having been observed. 

Sera obtained from rabbits immunized with the preparations 
adsorbed on various colloidal carriers gave the same results as sera 
from control animals immunized with the polysaccharides alone. 
There were no demonstrable antibodies in any sera of rabbits im- 
munized with the alkali-polysaccharides; there was no increase in 
the complement-fixation titer beyond 1:50,000, and there was no 
precipitation of a 1:1000 dilution of either polysaccharide by any 
serum from the animals immunized with the acid-polysaccharide. 

It may be concluded that colloidal carriers such as aluminium 
hydroxide, charcoal, collodion particles, and hog serum, play no 
role in increasing either the antigenic or sensitizing property of the 
polysaccharides derived from B. rhinoscleromatis. 
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Neostibosan and Experimental Kala-Azar in Chinese Hamsters. 
I. Normal Hamsters. 


C. W. Wane anv C. U. Lez. (Introduced by F. R. Dieuaide.) 
From the Department of Medicine, Peiping Union Medical College, Peiping. 


The problem of chemotherapy of experimental kala-azar was 
investigated by Smyly,’ who used 4 drugs, to treat infected Chinese 
hamsters, Cricetulus griseus. None of Smyly’s infected animals 
was cured of the infection, although sodium antimony] tartrate was 
given in large doses for a period sufficient to effect a cure in man. 
Hindle, working with Johnson,’ obtained similar negative results 
with neostam, novostiburea, antimosan, and antimony] tartrate, all 
of which have been successfully used in the treatment of kala-azar in 
man. Roehl® studied the action of tartar emetic, antimosan, stibo- 
san, and neostibosan, in infected European hamsters, Cricetulus 
frumentarius, and was able to keep his treated animals free of 
parasites for months. Recently, Kikuth and Schmidt* obtained 
similar positive results with solustibosan. The contradictory re- 
sults of Smyly and Hindle on one hand and Roehl and Kikuth and 
Schmidt on the other, in the opinion of the last two workers, are 
due to the different species of animals used. Whether Chinese ham- 
sters, infected with Leishmania donovani can be cured of the infec- 
tion, and whether the difference in species explains the difference in 
results, are the problems under investigation. Neostibosan was 
used because it possesses high curative value in human kala-azar 
and can be given subcutaneously. 

Experiment 1. Determination of the maximum non-lethal dose, 
maximum. tolerated dose, and universal lethal dose of neostibosan 
for hamsters. By maximum non-lethal dose we mean the amount 
given as a single injection, without killing any of the animals; 
maximum tolerated dose is the amount given as a single injection, 
which kills most of the animals; universal lethal dose is 
the amount given as a _ single injection, which kills all 
the animals. One hundred normal hamsters were used. Seventy- 
two percent of these animals weighed 30 g each; the rest varied from 
25 to 36 g. The animals were divided into 5 groups, each con- 

1Smyly, H. J., Trans. Roy. Soc. Trop. Med. and Hyg., 1926, 20, 104. 

2 Quoted from ¢. 


3 Roehl, W., Ind. Med. Gaz., 1929, 64, 563. 
4 Kikuth, W., and Schmidt, H., Chinese Med. J., 1937, 52, 425. 
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sisting of 10 males and 10 females. Each group received a single 
injection of one test dose. Five test doses, 0.8 g, 1.0 g, 2.0 g, 3.0 g, 
and 4.0 g per kg were used. Neostibosan was freshly prepared each 
time in a 5% sterile aqueous solution, and given subcutaneously in 
abdominal wall of the animal by means of a tuberculin syringe. Any 
death within 48 hours after injection was considered as due to the 
drug. This arbitrary time limit was chosen because the excretion 
of pentavalent compounds of antimony is approximately 50% in the 
first 24 hours.» ®* Any death occurring later than 2 days after 
injection is not likely to be due to the direct effect of antimony. The 
results of the 5 test doses are given in Table I. 


TABLE I. 
Mortality Rate of Hamsters to Test Doses of Neostibosan. 
Dose, No. of No. of Mortality 
Group g per kilo animals deaths % 
A 0.8 20 0 0 
B 1.0 20 0 0 
Cc 2.0 20 5 25 
D 3.0 20 13 65 
E 4.0 20 20 100 


Among the 5 animals in Group C which died there were 2 males 
and 3 females, each weighing 30 g. Among the 13 deaths in Group 
D there were 6 males and 7 females (11 weighing 30 g each, and 
2 weighing 29 g each). It seems that males are just as susceptible 
to the drug as females. From the table it is evident that among the 
doses tried, 1.0 g per kilo is the maximum non-lethal dose, 3.0 g per 
kilo, the maximum tolerated dose, and 4.0 g per kilo, the universal 
lethal dose of neostibosan for Chinese hamsters. 

Experiment 2. Relation of body weight to the maximum non- 
lethal dose. Thirty hamsters were used. The results are shown 
in Table II. 


TABLE II. 
Relation of Body Weight of Hamsters to Maximum Non-lethal Dose of 
Neostibosan. 
Body wt. (g) 11 12 14 15.16 17 20 24 29 30 32 34 37 40 
No. of animals em Seen Se 2d 2B Bin ede ad 
No. of deaths eee Oo Nd OS Oe OOO 0 


Except for one death among the 3 animals which weighed 20 g 
each, the maximum non-lethal dose is universal to animals weighing 


5 Weese, H., Chinese Med. J., 1937, 52, 421. 

6 Boyd, T. C., and Roy, A. C., Ind. J. Med. Res., 1929, 17, 94. 

7 Brahmachari, U. N., Chondbury, S. C., Das, J., and Sen, P., Ind. J. Med. Res., 
1924, 11, 829. 
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from 11 g to 40 g. The single death out of 30 hamsters may be 
considered as an accident. There seems to be no difference, there- 
fore, in the susceptibility of hamsters of different body weights to 
the maximum non-lethal dose as previously determined. 

Experiment 3. Cumulative effect of repeated injections and the 
determination of the probable therapeutic dose. Since repeated in- 
jections of neostibosan are required to effect a cure of kala-azar, one 
must know whether there is increased tolerance or cumulative effect, 
and find out a dose suitable for repeated injection at certain intervals 
with least toxic effect, to the animal. 

Ten males and 10 females, each weighing 20 to 27 g were used. 
Injections of 1% solution of neostibosan were given subcutaneous- 
ly, twice a week. The doses began at 200 mg per kilo, and were 
increased by 100 mg steps up to 1 g per kilo, and then by 200 mg 
steps up to 2 g per kilo. The results are given in Table III. The 
mortality rate following a single injection of 2.0 g neostibosan per 
kilo body weight was 25%, but after injections of increasing doses 
given twice weekly of doses increasing up to a final dose of 2.0 g 
per kilo, the mortality rate increased to 100%. This strongly speaks 
for a cumulative effect, and against increased tolerance. One ham- 
ster out of 20 was killed when the dose reached 700 mg per kilo. 
For therapeutic use in infected hamsters, it would seem, therefore, 
that a constant dose of 400 to 500 mg per kilo body weight, given 
twice a week, might be regarded as the probable therapeutic dose of 
neostibosan, but various possible influences of the infected state of 
hamsters with kala-azar require investigation. 

Experiment 4. Effect of a second injection of maximum non- 
lethal dose, and toxic dose. Any dose greater than the maximum. 
non-lethal dose must be regarded as a toxic dose. The following 
experiment is to observe the effects of a second injection of the 
same maximum. non-lethal dose and of toxic doses in animals which 
have survived a previous injection. The interval between the injec- 
tions varied from 34 to 65 days. The number of animals used for 
the second injection was necessarily smaller than that for the first 
as many died of the first dose and some were otherwise lost. The 
results are shown in Table IV. There was a higher mortality fol- 
lowing the second injection, even after one or 2 months, during 
which the animals were expected to have recovered from the pre- 
vious dose. This decreased tolerance may mean that the first dose 
though not fatal, damaged the organism in some way so as to lower 
its tolerance to the subsequent injection. 

Summary and Conclusions. 1. In normal Chinese hamsters it was 
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found that the maximum non-lethal dose of neostibosan is 1.0 g per 
kilo body weight; the maximum tolerated dose, 3.0 g per kilo body 
weight; and the universal lethal dose, 4.0 g per kilo body weight. 2. 
The sex and body weight of hamsters played no significant rdle. 
The maximum. non-lethal dose was found universal to animals weigh- 
ing from 11 to 40 g. 3. There was no increase of tolerance after 
repeated injections of gradually increasing doses of neostibosan. A 
cumulative effect was clearly shown. A probable therapeutic dose 
was found to be about 0.4 g per kilo body weight. 4. After an ani- 
mal had been poisoned by a large dose of neostibosan, the repetition 
of the same or greater amount even after an interval as long as 2 
months usually resulted in death. 
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Neostibosan and Experimental Kala-Azar in Chinese Hamsters. 
II. Infected Hamsters. 


C. W. Wanc ann C. U. Lee. (Introduced by F. R. Dieuaide.) 
From the Department of Medicine, Peiping Union Medical College, Peiping, China. 


This report deals with observations on the effects of neostibosan 
on kala-azar in Chinese hamsters. As this work was started before 
Part I was completed, the probable therapeutic dose of neostibosan 
suggested in that communication was not used. 

Twenty-six normal and 26 infected hamsters were equally divided 
into 4 groups, each consisting of 13 hamsters. Groups A and C 
were given repeated injections of neostibosan, while Groups B and D 
were kept as controls. Treatment was started 47 days after the in- 
fection with kala-azar. One pércent sterile aqueous solution of neo- 
stibosan was given twice a week by means of a tuberculin syringe, 
subcutaneously in 7 hamsters and intramuscularly in 6 hamsters of 
each group. Hamsters were weighed weekly or fortnightly and the 
amount of neostibosan was given according to the latest weight. 
The first dose was 8 mg per kilo, which was continued for 6 weeks; 
this amount was chosen because it is effective in human kala-azar. 
As soon as this dose was found to be ineffective and the maximum 
non-lethal dose was found to be 1 g per kilo, the amount was raised 
to 200 mg per kilo and gradually to 800 mg. Altogether 32 injec- 
tions, a total of 7 g per kilo, were given to each hamster in a period 
of 114 days. 
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Difference in tolerance of normal and kala-agar hamsters. The 
results are shown in Table I. The mortality rate is higher in Group 
A than in Group C which seems to indicate that tolerance for neo- 
stibosan is less in infected than in normal hamsters, but the differ- 
ence is not statistically significant. No difference in mortality rate 
was seen between subcutaneous and intramuscular routes of admin- 
istration, 


TABLE I. 
Tolerance of Normal and Kala-azar Hamsters for Neostibosan. 


No. of No.of Mortality 


Group of animals animals deaths % 

A. Infected hamsters receiving drug 13 7 53.8 
B. a8 tg a no drug 13 3 23.0 
C. Normal ee 4 drug 13 4 30.7 
4 A 4 no drug 13 2 15.4 


Curative value of neostibosan in hamsters infected with kala-azar. 
The 32 injections of neostibosan given to Group A. constituted a 
course of treatment. Group B served as controls. During the treat- 
ment several infected hamsters died. At autopsy the size of spleen 
and number of parasites were found to be decreasing with the in- 
creasing intensity of treatment. When a total dose of 2.3 g per 
kilo was reached, parasites were absent in almost all cases in smears 
made from the liver pulp obtained by puncture, while numerous 
parasites were found in smears of splenic pulp obtained by puncture. 
When a total of 7 g per kilo was reached, none of the 6 surviving 
hamsters showed parasites in smears of splenic pulp. A further 
splenic puncture was done 3 weeks after completion of the treatment 
in 3 of the animals and none of the smears showed parasites. With- 
out further study one would consider these 6 hamsters apparently 
cured. 

On completion of the treatment of kala-azar hamsters in Group 
A, 3 out of 13 controls in Group B had died. At autopsy all were 
found to have big spleens and leishmania were seen in smears. Liver 
puncture was done on each of the 10 survivors, and all but one were 
found to be heavily infected. In the negative case, the animal was 
later sacrificed. Its spleen and liver were found to be normal in 
size and no leishmania could be found in smears from these organs. 
It appears that this animal spontaneously recovered within about 
5 months after infection, although infected hamsters usually show 
no such tendency.” ? 

1Smyly, H. J., and Young, C. W., Proc. Soc. Exp. Biot. AND Mep., 1924, 
21, 354. 

2 Young, C. W., Smyly, H. J., and Brown, C., Am. J. Hyg., 1926, 6, 254. 
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TABLE II. 
Amount of Neostibosan Received by Apparently Cured Hamsters. 
Hamster No. 1029 1032 1035 1036 1041 1044 
Avg wt of animal, g 26 24 20 25 24 22 
Total dose, mg 192. 174.8 149.8 185.3 181.9 155.7 


2.8 
rei >? g per kilo 7.4 24: 7.4 7.4 7.6 7.0 


Further study was made of these apparently cured hamsters 
(Table Il), except for one (1036) which was too decomposed for 
use. Hamsters 1029, 1032, and 1041 were sacrificed 10 days, 3 
weeks, and 3 months respectively, after completion of treatment. 
The spleen of each of these hamsters was ground in 3 cc normal 
saline solution and 0.5 cc of this emulsion intraperitoneally inocu- 
lated into 6 normal hamsters. The spleens were all small and smears 
made from the emulsions were all negative. Two to 4 months later 
the normal hamsters which had been inoculated with the emulsions 
from hamsters 1032 and 1041 came down with kala-azar, proving 
that these 2 apparently cured hamsters were not actually cured. 
The normal hamsters which had been inoculated with the spleen 
emulsion of hamster 1029 never contracted kala-azar, proving that 
this apparently cured hamster was actually cured. 

The other 2 apparently cured hamsters, 1035 and 1044, were re- 
inoculated 2 to 4 months after completion of treatment with 0.2 cc 
splenic emulsion containing numerous Leishmania donovani. Two 
months later they were killed. Hamster 1035 was found to have 
enlarged spleen, with parasites in spleen and liver, while hamster 
1044 was found to have normal spleen and liver, with no parasites 
in these organs. This showed that one was not reinfectable, while 
the other had either been reinfected or possibly suffered a relapse. 
It is noteworthy that only one (1029) of the 5 apparently cured 
hamsters was proved to be actually cured; while a second (1044) 
may have been cured. No difference was seen in the curative effect 
of neostibosan between subcutaneous and intramuscular routes. 

Further observations on the curative value of neostibosan in ham- 
sters infected with kala-azar. A new lot of 25 hamsters which had 
been infected with Leishmania donovani for 43 days were given bi- 
weekly subcutaneous injections of 1% solution of neostibosan. Nine 
injections were given, beginning with a dose of 200 mg per kilo, and 
gradually increasing to 900 mg per kilo. Four hamsters died during 
the course of treatment, while 21 survived the treatment, each re- 
ceiving a total of about 5.0 g per kilo. All of these were apparently 
cured (negative liver and spleen punctures). Three of the appar- 
ently cured hamsters were sacrificed 10 days, 18 days, and 3 months 
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respectively after completion of-treatment. All the smears made 
directly from the liver and spleen were negative for parasites. The 
spleen of each of these hamsters was used for hamster inoculation. 
The inoculated test hamsters were sacrificed 2 to 5 months later and 
the results showed that 2 of the 3 apparently cured hamsters were 
actually cured, but not the third whose splenic emulsion, though 
showing no parasites on direct study, was still capable of causing 
kala-azar. Twelve of the apparently cured hamsters were subjected 
to reinoculation 3 months after completion of treatment. About 
2% months after reinoculation one of the 7 hamsters which had re- 
ceived 0.1 cc of the infective material, showed evidence of kala-azar, 
but the 6 others were free from the infection. On the other hand, 
3 out of the 5 hamsters which had received 0.2 cc of the infective 
material, showed evidence of kala-azar which, however, failed to 
develop in the others. In all, 4 or 33.3% of the 12 apparently cured 
hamsters were reinfected, or possibly had a relapse, while 8 or 
66.7% were refractory to reinfection. The reinfectability of the 
apparently cured hamsters varied with the reinfective dose. Among 
20 normal hamsters which had been inoculated with the same infec- 
tive material as that given to the 2 apparently cured hamsters in the 
preceding experiment and 12 in this experiment, all except one de- 
veloped kala-azar at end of 214 months. Six of the apparently cured 
hamsters were kept under observation for 5 months after completion 
of treatment and then sacrificed. Four of the 6 were found to have 
enlarged spleens and livers, all harboring Leishmania donovam, a 
relapse rate of 66.7%. The 2 others had normal-sized spleens and 
livers with no parasites in these organs, and were apparently cured 
(Table III). 


TABLE ITI. 
Curative Effect of Neostibosan in 26 Apparently Cured Hamsters. 
Nature of test Result No. of animals 
Hamster inoculation test Cured 3 
Not cured 3 
Reinoculation test Reinfectable 5 
Not reinfectable 9 
Observation for relapse Relapse 4 
No relapse 2 


Discussion, There were altogether 26 apparently cured hamsters 
among the 38 which were systematically treated. Of these appar- 
ently cured hamsters 6 were tested by hamster inoculation and 3 
were found to be actually cured, giving a cure-rate of 50% among 
the hamsters which survived the treatment. It is obvious that for 
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experimental purposes the most reliable criterion of cure is inocula- 
tion of a splenic emulsion into normal hamsters. The 12 hamsters 
which died during the course of treatment indicate a high mortality, 
31.6%. As the natural death-rate of hamsters, either non-infected 
or infected (Table I) is considerable, it is difficult to say how far 
this mortality was directly attributable to neostibosan. 

The range of the effective dose of neostibosan for hamsters seems 
to vary from 200 to 500 mg per kilo. This dose agrees well with the 
probable therapeutic dose of 400 mg per kilo proposed in Part I. 
The total amount of neostibosan per kilo body weight used to effect 
cure in a hamster is about 100 times the human dose. In view of 
this, the failure of Smyly and Hindle to obtain cures in their experi- 
ments was probably due to inadequate dosage and insufficient treat- 
ment, rather than to the difference in species of hamster. Even with 
this enormous dose the cure rate was only 50% among the hamsters 
which survived the treatment and were tested by hamster inocula- 
tion, much lower than the cure-rate in man. Whether or not a 
100% cure rate can be achieved in experimental kala-azar is a prob- 
lem for further investigation. 

That 9 of the 14 hamsters apparently cured of kala-azar by neo- 
stibosan (Table II1) were refractory to a second inoculation with 
Letshmania donovani is suggestive of immunity, but one can not 
be sure that a focus of infection was not present. The relapse rate 
of 66.7% is considerable, and further suggests that the treatment 
given was insufficient. The occurrence of spontaneous recovery is 
interesting, but rather infrequent. On the whole it seems that kala- 
azar is more difficult to treat in hamsters than in man. 

Summary. Chinese hamsters infected with kala-azar seemed to 
have a lower tolerance for neostibosan than normal hamsters, but 
the difference was not statistically significant. Five to 7 g of neo- 
stibosan per kilo body-weight constituted a course of treatment. 
The range of the effective dose was from 200 to 500 mg per kilo. 
The mortality rate during treatment was 31.6%. The apparent 
cure-rate in hamsters surviving the treatment was 100%, but the 
actual cure-rate was only 50%. An inoculation test is necessary to 
prove actual cure. Nine out of 14 apparently cured hamsters were 
refractory to a second inoculation with Leishmania donovani. Spon- 
taneous recovery from and relapse of kala-azar were seen in Chinese 
hamsters. 
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Correlation Between Vitamin C Content and Complement Titer 
of Human Blood Plasma. 


Fu-T’ anc CHu AND Bacon F. CHow. 


From the Division of Pediatrics and the Department of Biochemistry, Peiping 
Union Medical College, Peiping, China. 


Reports concerning the relationship between serum complement 
and the state of nutrition with regard to Vitamin C have been few 
and conflicting. Zilva** showed that depletion of Vitamin C in 
guinea pigs had no influence on the complement content of their 
serum. The same conclusion was reached by Chakraborty* who 
studied the changes of serum complement in Vitamin C deficiency in 
relation to sex and to the state of pregnancy of guinea pigs. On 
the other hand, Marsh* reported that the serum complement of 
guinea pigs decreased when Vitamin C was withdrawn from their 
diet. The original complement concentration was restored or even 
exceeded by the consumption of a diet rich in Vitamin C. 

We became interested in this problem following the demonstration 
of reducing property of a component in complement,’ which is also 
a characteristic feature of Vitamin C. Furthermore it is possible 
that complement content might be related to resistance against infec- 
tions. Therefore it is of clinical interest to see whether we can in- 
crease the serum complement of human subjects by the adminis- 
tration of Vitamin C which seems to play an important role in com- 
bating infections. 

In this communication we shall report our observations on the re- 
lationship between complement and reduced Vitamin C contents of 
the human blood plasma. Vitamin C was determined according to 
Pijoan and Klemperer’s modification of Farmer and Abt’s Method.°® 
In the determination of complement by the biological method, we 
have standardized our hemolysin and sheep cell suspension, so that 
the complement titers obtained over a long period of time may still 
be comparable.’ The observations were made on 2 groups of sub- 
jects. In the first group which consists of 2 children and one 

1 Zilva, 8. S., Biochem. J., 1919, 13, 172. 

2 Zilva, 8. 8., Biochem. J., 1936, 30, 1419. 

3 Chakraborty, R. K., Indian Med. Gaz., 1937, 72, 23. 

4 Marsh, F., Nature, 1936, 137, 618. 

5 Chow, B. F., and Wong, S. C., Proc. Soc. Exp. Bion. AND MED., 1938, 38, 120. 


6 Pijoan, M., and Klemperer, F., J. Clin. Invest., 1937, 16, 443. 
7 Chow, B. F., to be published. 
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woman, simultaneous determinations of reduced Vitamin C and 
complement were made over extended periods in which the Vita- 
min C intake was raised or lowered by the addition of ascorbic 
acid to, or its withdrawal from, a constant basal diet. During the 
period of study these subjects were not suffering from febrile, diar- 
rheal, or other diseases which may also influence the metabolism of 
Vitamin C, 
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Results given in Fig. 1 show that in all of the 3 cases the oral 
administration of ascorbic acid or vegetables rich in antiscorbutic 
vitamin was followed by a rise in the complement as well as the 
Vitamin C content of the plasma, whereas their withdrawal was 
followed by a decrease. The range of fluctuation, however, seems to 
be smaller for complement than for Vitamin C. In the second group 
we have chosen 38 patients of different ages, suffering from different 
diseases and with a wide range of Vitamin C contents in their blood 
plasma. From Fig. 2 it may be seen that when the values of Vitamin 
C concentrations are divided into 3 groups of “deficiency,” “presatu- 
ration” and “‘saturation’’,* the low Vitamin C content is in majority 
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Showing the correlation of 38 simultaneous determinations of complement and 
Vitamin C in 30 patients. 


8 Chu, F. T., and Sung, C., Chinese M. J., 1937, 52, 791. 
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of cases accompanied by a low complement titer and practically all 
the high Vitamin C figures are associated with high values of com- 
plement. 

Conclusion. From these observations one may conclude that 
there is a qualitative relationship between Vitamin C intake and com- 
plement titer in the human plasma, although an adequate explanation 
of the phenomenon is not clear at present. 
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Serological Studies on Subjects Vaccinated Against Typhus 
Fever. 


P. Y. Liu, SAMUEL H. Zia AND K. C. WANG. 


From the Department of Bacteriology and Immunology and College Health 
Service, Peiping Union Medical College, Peiping. 


Since the introduction of louse vaccine by Weigl* for active im- 
munization against epidemic typhus, the effectiveness of the vaccine 
in protecting experimental animals and human beings has been dem- 
onstrated. This has been summarized by Biraud and Deutschman.” 
In the last few years, doctors, nurses, and attendants in the Peiping 
Union Medical College who are likely to be exposed to typhus fever 
were inoculated with a louse vaccine.* This vaccine, comprising a 
total amount of material from 100 infected lice, was administered 
in 3 doses. They were given subcutaneously at weekly intervals. 
It was ‘thought that it might be of interest to study the serological 
response of individuals after vaccination, especially in view of the 
scanty information of such kind in the literature. For this purpose, 
specimens of blood were taken by venapuncture from the vaccinated 
subjects at different intervals of time after the last injection. The 
sera so obtained were then used for agglutination against typhus 
Rickettsiz and Proteus Xi9. The agglutination test against the 
latter was done by the macroscopic technic of Dreyer, in which a 
formalinized suspension of bacteria was used as antigen. The rick- 
ettsiz agglutination test was performed by the macroscopic technic 

1 Weigl, R., Med. Klin., 1924, 20, 1046. 

2 Biraud, Y., and Deutschman, 8., League of Nations, Epidemiological Report 
R. E. 183, p. 138, 1936. 


* Typhus vaccine was supplied by the microbiological laboratory of Catholic 
University of Peking. 
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of Zinsser and Castaneda.* The suspension was made up of 1 cc of 
typhus vaccine which contains material from 50 lice and 9 cc of 
1 :10,000 merthiolated saline. The coarse particles of the suspension 
were allowed to settle in the ice chest for at least 24 hours before 
use. The agglutination tubes were incubated in water-bath or incu- 
bator at 37°C overnight, after which readings were taken by means 
of a low magnifying lens (XZ). The result was considered to be 
positive when definite clumping of the organisms was seen. Posi- 
tive and negative sera were always included each time for antigen 
control. Serum diluted with saline was similarly incubated to serve 
as serum control. 

The results of the comparative study of Weil-Felix reaction and 
typhus rickettsial agglutination are summarized in Table I. 

From the table, it may be seen that while both Weil-Felix reac- 
tion and typhus rickettsial agglutination were obtained with the 
majority of sera of subjects shortly after inoculation, no parallel- 
ism between the titers of their respective antibodies was observed. 
For instance, in one serum, the rickettsial agglutinin attained a high 
titer of 1:320, whereas Weil-Felix reaction was positive only in 
1:10. In another case, the serum agglutinated Proteus Xi. to a 
titer of 1:320, while the rickettsial agglutinin was not higher than 
1:20. There were also quite a number of sera which showed no 
agglutination for typhus Rickettsiz (in dilution of 1:10) but gave 
positive Weil-Felix reaction and vice versa. Furthermore, although 
we have as yet little information of the persistence of the respective 
agglutinin titers, it appears that the typhus rickettsial agglutinins 
that have been promptly stimulated tend to wane more rapidly. On 
the other hand, the agglutinin titer for Proteus X,) seemed to per- 
sist longer. 


3 Zinsser, H., and Castaneda, M. R., J. Hap. Med., 1932, 54, 455. 
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Dissociation of Rickettsia and Proteus X,, Antibodies in 
Experimental Typhus Infections. 


SAmuUpL El. ZIA AND P. Y. Liv. 


From the Department of Bacteriology and Immunology, Peiping Union Medical 
College, Peiping. 


In our studies’ on the immune response of individuals vaccinated 
against typhus Rickettsiz it was found that while the majority of 
the sera of these persons presented both rickettsial as well as Proteus 
X19 agglutinins, a number of them had either only one or the other. 
Furthermore, it has been found that the Proteus X., antibodies 
tended to persist longer than the other. As it is difficult to study 
individuals repeatedly for their antibody content, and in order to 
find out if similar absence of correlation between the 2 antibodies 
is also seen in cases of actual disease, this was studied in experimen- 
tal infection in animals. It has been shown’ that Myospalax 
fontanieri differed from guinea pigs in giving, in addition to rick- 
ettsial antibodies, high Proteus X15 agglutinins in their serum. These 
animals have, therefore, been utilized in the present study, and the 
results herewith are communicated. 

Rodents (Myospalax fontanieri), which are susceptible to experi- 
mental typhus infection, have been employed. It has been found 
that serum from normal animals does not give a positive Weil-Felix 
reaction or rickettsial agglutination. The animals were infected 
by inoculation of brain emulsion of infected guinea pigs. At dif- 
ferent times after the onset of fever, blood was taken by cardiac 
puncture, and sera examined for Proteus Xi» and rickettsial agglu- 
tination. It was possible to bleed some animals as many as 5 to 6 
times, but in the majority of cases only one bleeding was possible. 
Altogether 34 samples of blood were obtained from 19 animals at 
different times. The technic for agglutination tests has been pre- 
viously described. The agglutinin response of a representative ani- 
mal is presented in Fig. 1 and the combined results of the experi- 
ment are summarized in Table I. 

It can be seen from Fig. 1 and the table that while rickettsial ag- 
glutinin tended to appear and disappear early, the Weil-Felix reac- 
tion in the majority of the animals did not appear until after the 

1 Liu, P. Y., Zia, 8. H., and Wang, K. C., Proc. Soc. Exp. Brow. anD MEp., 


1938, 38, 682. 
2 Zia, 8S. H., and Hu, C. H., Proc. Soc. Exp. Bion. AND MeEp., 1938, 32, 26. 
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Fic. 1. 
Agglutinin response in relation to the course of experimental infection in 
animal No. 10. 
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first week, and then, except for one animal, persisted long after the 
fever had subsided. This seems to be in general agreement with the 
serological results obtained in individuals following typhus vac- 
cination. 

While it is generally known that 2 distinct antibodies are produced 
by the Rickettsize, one of which is identical to an anti-Proteus Xio, 
little knowledge has been found in regard to the degree of their 
association during infection or after artificial immunization with 
rickettsial suspensions. In a previous report, we have shown that 
in single specimens of blood serum taken from individuals inocu- 
lated with the louse typhus vaccine, little correlation of the 2 anti- 
bodies was found. In the present communication, when repeated ex- 
aminations on several individual animals were possible, a similar 
lack of strict parallelism was also found in experimental typhus in- 
fection. The reason for this is not clear. However, if the same 
principle should be applied to human cases, the rickettsial agglutinin 
might offer an aid to earlier diagnosis of the disease, since in ex- 
perimental animals it seems to appear in most cases much earlier 
than the Weil-Felix reaction. 
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Effect of Photosensitization on Immunological and Chemical 
Properties of Antibodies. 


SAMUEL H. Zta, Bacon F. CHow Anp T. T’UNG. 


From the Departments of Bacteriology, Immunology and Biochemistry, Peiping 
Union Medical College, Peiping. 


While the photodynamic action of dyes was well known 30 years 
ago, its application to microbiology was limited to the studies on 
their lethal action on bacteria and protozoa, and the inactivating 
action on toxin, antibodies, and complement.* It was only in the last 
few years that the immunological activities of the treated substances 
were carefully examined. Perdrau and Todd? reported on the 
preservation of antigenicity of canine distemper virus inactivated 
by photodynamic action of methylene blue. Others have since 
studied the antigenic action of various photodynamically inacti- 
vated bacteria® and viruses* as well as toxins,’ and in the majority 
of instances this has been well preserved. Furthermore, it has been 
suggested*® that organisms so treated may actually make better vac- 
cine than those treated with heat or formalin. However, the reason 
for this better antigenicity is not clear. It might be conceived that 
the less change is made in the chemical structure of the antigen, the 
more complete is its antigenicity. It would be difficult, however, to 
study chemically the change produced by photosensitization on bac- 
teria or viruses, but it is relatively simple to study the change pro- 
duced on antibodies, particularly with those in a relatively pure state. 
In such a case, the immunological activity will then act as an index 
of the photodynamic action. The result of such a study is herewith 
presented. 

The general technic of photosensitization used in this study is 
essentially the same as that previously reported*® with. the exception 
that the immune serum was always diluted 40-100 times before ex- 
posure. Both methylene blue and eosin were employed and their 
effect on the immune activity of various antibodies was observed. 
Furthermore, the action of eosin in the presence of light on the 


1 Tappeiner, H., Erg. Physiol., 1909, 8, 698. 

2 Perdrau, J. R., and Todd, C., J. Comp. Path., 1933, 46, 78. 

3 T’ung, T., Proc. Soc. Exp. Bion. AnD MED., 1936, 35, 399. 

4 Galloway, J. A., Brit. J. Exp. Path., 1934, 15, 97. 

5 Lin, F. C., Proc. Soc. Exp. Blob. AND MEp., 1936, 34, 656; Li, K. H., Proc. 
Soc. Exp. Bion. AND Mep., 1936, 34, 659. 
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chemical properties of a purified antipneumococcus horse precipi- 
tin® was also examined. It might be mentioned that the action of 
methylene blue and eosin was essentially similar, and that as in the 
case of other materials,’ there was also an optimum for each dye in 
different concentrations. For instance, after 2 hours, eosin in 1 :100 
dilution did not exert any change in the typhoid H antibody in the 
presence of light, while that in 1:10,000 reduced the agglutination 
titer from 1:5120 to 1:640. In Table I, only the maximum effect of 
eosin after 120 minutes’ exposure is given. 


TABLE I. 
Effect of Photodynamic Action on Immunological: Activities. 


Titer of activity 


Antibody Immune reaction Exposed Control 
B. typhosus antiserum H agglutination 1:640 1:5120 
Au a2 rn? cas 1:160 1:2560 
Pneumococeus type I 
antiserum is 1:4 1:16 
Diphtheria antitoxin neutralization for 10 
MLD 1:20 1:160 
Purified antipneumococ- mg of precipitin N nec- 0.0625 0.016 


cus type I horse pre- 
cipitin 


essary for the protec- 
tion against 1 MLD of 


pneumococci 


TABLE II. 
Effect of Photodynamic Action on Chemical Properties of Immunologically Pure 


Horse Precipitin (1 mg N/cc) of Pneumococcus Type I Polysaccharide. 


Before After 
exposure exposure 
Total preciptin nitrogen precipitable by its homologous 
polysaccharide 85% 25% 
Relative viscosity in M/10 phosphate buffer at pH 6.8 
at 26.5° C. 1.10 1.09 
Saturation of ammonium sulfate at which precipitation of 
antibody protein starts 38% 20% 


Solubility of antibody protein in a normal saline solution 
after complete precipitation at half saturation of am- 
monium ‘sulfate 


Complete Complete 

The deleterious effect of the photodynamic action of dyes, e. g., 
eosin and methylene blue, on antibodies was demonstrated. The 
decrease in activity ranged from 4 to about 10 times. But what 
appears of greater interest is the relatively mild chemical changes 
produced on the antibody protein. It remained completely soluble 
in saline, and its relative viscosity was not appreciably changed from 


6 Chow, B. F., and Wu, H., Chinese J. Physiol., 1937, 11, 139. 
7T’ung, T., and Zia, S. H., Proc. Soc. Exp. Brot. anp Mep., 1937, 36, 326. 
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that of untreated antibody protein. The only noticeable difference 
lay in its solubility in various saturations of ammonium sulfate 
solution. The absence of any gross chemical change in spite of the 
marked immunological change is not surprising. It has now been 
repeatedly demonstrated that only slight alteration of chemical 
groups or of their stereo-chemical relationship may destroy all the 
immunological properties of protein. By analogy, it might be as- 
sumed that the protein of microorganisms subjected to the same 
action may also be little changed. But in this case, the preservation 
of antigenicity would be more complete. This may explain why 
organisms treated with photosensitization would make better vac- 
cine. 
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Chemical Nature of Component Involved in the Reaction 
Between Iodine and Complement. 


Bacon F. CHow AND SAMUEL H. Zia. 


From the Department of Biochemistry and the Department of Bacteriology and 
Immunology, Peiping Union Medical College, Peiping, China. 


Chow and Wong have reported* that iodine destroys the comple- 
ment activity of normal sera and that there exists a definite 
stoichiometric relationship between the amounts of iodine used and 
complement inactivated. It seemed to be of interest to find out the 
chemical nature of and the component involved in this process. This 
may either be an addition of iodine to ethylenic linkages or replace- 
ment of hydrogen atoms attached to the carbon atoms, with the re- 
sult that iodine will be bound to complement. It may also be a 
simple oxidation of complement by iodine, which in turn, is reduced 
to free unbound iodide. In order to arrive at some conclusion, we 
have determined quantitatively first the bound iodine, if any, to the 
inactivated serum protein, and secondly, the free iodine in the mix- 
ture. The present communication gives the result of such a study. 

1. Determination of non-dialyzable organic iodide in the inac- 
tivated serum protein. To 50 cc of fresh hog serum (having a titer 
of 21 units per cc) were added 10 to 15 cc of N/10 iodine solution. 
One-half cc of the resulting solution was found to contain less than 


1 Chow, B. F., and Wong, Sam C., Proc. Soc. Exp. Bron. AnD Mep., 1938, 
38, 120. 
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one unit of complement per cc. Therefore, the inactivation of 
complement was almost complete. The inactivated hog serum was 
dialyzed in a collodion tube of small porosity against distilled water 
at 0°C until free from iodide. Five cc of N/10 sulphuric acid were 
added to effect a complete solution of the protein that was precipi- 
tated out during dialysis. The total volume was then made up to 
100 cc with water, 7. ¢., two times the original volume. Three 20 cc 
samples were pipetted into separate nickel crucibles, and their iodine 
content determined according to the method of McCullagh.* The 
results are given in Table I. 


TABLE I. 
Determination of Iodine Bound to the Inactivated Serum Protein. 


Totaliodine Total iodine 


N/10 equivalent 
Sample necessary to N/10 
of hog Unitsof for complete found 
serum complement inactivation, after dialysis, % iodine 
Expt ce per ce ce ee dialyzed 
1 50 21 7 .06 99.15 
2 50 30 10 15 98.50 
3 50 35 12 10 99.17 


2. Determination of iodide in the protein-free filtrate. A typical 
experiment was as follows: One cc of fresh hog serum (titer of 
33 units per cc) was diluted ten fold with 0.85% sodium chloride 
solution. To each of four 2.0 cc samples of the diluted hog serum 
were added 5 cc of N/10 iodine solution in distilled water. To one 
of the mixtures, 0.6 cc of 10% sodium chloride solution was added 
to make the solution isotonic, in order to determine the percentage of 
complement activity destroyed by this amount of iodine. To the 
other three was added 1 cc of 2/3 N sulphuric acid and 1 cc of 10% 
sodium tungstate solution. The suspensions were centrifuged and 
4 cc of the supernatant were used for the determination of iodide, in 
the usual manner, by oxidizing it to iodate with bromine. The re- 
sults of several such experiments with the sera of different species 
of animals are given in Table II. 

3. Determination of the component which is inactivated by 
iodine. To different samples of 0.5 cc of iodine inactivated guinea 
pig or hog serum was added 0.5 cc of 1:5 each of the following: To 
the first sample, heat inactivated, to the second, ammonia inactivated, 
and to the third, yeast inactivated guinea pig or hog serum; in each 
case, the hemolytic power of the mixture was found to be restored. 
To other samples of 0.5 cc of the same was added 0.5 cc of 1:10 


2 McCullagh, R., J. Biol. Chem., 1934, 107, 35. 
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TABLE II. 
Determination of Iodine in the Protein Free Filtrate. 
Total 
Iodine iodine in 
added supernatant 
Units equivalent equivalent 
ec original complement to N/100, toN/100, % recovery 
Expt serum used inactivated ce ce of iodide 
a. Hog serum. 
1 2 4.7 32 288 90 
2 2 4.7 32 .294 92 
3 2 4.7 .32 300 94 
b. Human serum, 
1 5 12 32 266 83 
2 5 12 32 288 90 
3 5 12 32 304 95 
ce. Guinea pig serum. 

i 5 30 32 294 92 
2 mi) 30 32 304 95 
3 a) 30 32 .310 97 


either of water soluble fraction or water insoluble fraction of the 
given pig or hog serum, the hemolytic power of the mixture was 
again restored. However, when either one of water soluble or in- 
soluble fractions was treated with iodine, the ability of the fraction 
to reactivate untreated fraction was destroyed. 

From the results presented in the above experiments, it seems 
clear that in the first place, only a small amount of iodine was 
found in the dialyzed serum, and that iodine could be quantitatively 
accounted for as iodide. Therefore we are compelled to conclude 
that inactivation of complement is not an addition to protein, but an 
oxidation reaction. In the second place, serum oxidized by iodine 
was found to be able to reactivate sera which have been previously 
inactivated by yeast® and ammonia.* Furthermore, it has also been 
found that when complement is inactivated by these various means, 
the amount of iodine reduced by the inactivated complement is the 
same as the original serum. Hence, it may be concluded that iodine 
component is qualitatively different from the third or fourth com- 
ponent. 

3 Osborn, W. W. B., Complement or Alexin, Oxford University Press, 1937, 
p. 16. 


4 Gordon, J., Whitehead, H. R., and Wormall, A., Biochem. J., 1926, 20, 1028, 
1036, 1044. 
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Effect of a Stimulating Dose of Pertussis Vaccine on Children 
Previously Immunized. 


Jui-Pinc Wu anp Fu-T’anc CuHu. 


From the Division of Pediatrics, Department of Medicine, Peiping Union Medical 
College, Peiping, China. 


During the course of study on the agglutinin response to pertussis 
vaccination in a group of Chinese children, it was noted that in every 
case the agglutinin titer of the blood sooner or later reached its 
height and then began to decline. This observation aroused our 
interest to try out the effect of a stimulating dose of the pertussis 
vaccine on the titer of the specific agglutinin, particularly in view 
of the successful results of restimulation in the case of active immu- 
nization against typhoid,’ diphtheria and tetanus.” Five infants 
varying from 9 months to a little over one year of age in whom a 
negative history of pertussis infection in the past is reasonably sure 
were chosen as subjects for study. The first 2 infants were vac- 
cinated according to the procedure recommended by Sauer ;* namely, 
bilateral injections of 1 cc each into the deltoid muscles on the first 
occasion followed by similar injections of 1.5 cc each one and 2 
weeks later respectively. To the third infant, similar doses were 
given with the intervals between successive injections lengthened to 
3 weeks. The fourth and fifth infants differed from the third one in 
that they failed to come back for the third dose of vaccine. The 
vaccines used were prepared from cultures of the strains of H. per- 
tussis isolated from our own patients not longer than 4 months pre- 
viously and kept virulent by frequent transfers on the Bordet Gen- 
gou medium plus 20% fresh, defibrinated human blood. They were 
standardized by turbidity method to contain approximately 10 bil- 
lions of organisms per cc. Blood samples were tested at frequent 
intervals for the presence of specific agglutinins by means of the 
rapid agglutination technic advocated by Kendrick.* 

The blood of these 5 infants taken just before vaccination gave a 
uniformly negative result to the agglutination test. The specific 
agglutinin began to appear in the blood shortly after the second or 


1Topley, W. W. C., and Wilson, G. S., The Principles of Bacteriology and 
Immunity, 2nd Ed., page 873. 

2 Jones, F. G., and Moss, J. M., J. Immunol., 1937, $8, 173, 183. 

3 Sauer, L. W., J. A. M. A., 1932, 100, 239. 

4 Kendrick, P. L., Am. J. Pub. Health, 1933, 23, 1910. 
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third dose of the initial course of vaccination. There was, however, 
a rather wide variation in the agglutination titer for the individual 
cases. The titers were the same regardless of whether vaccines or 
living suspensions prepared from the homologous or heterogeneous 
strains of the organisms were used as agglutinogen, provided their 
concentrations were the same. 

After an interval of from 4 to 19 weeks after the first course of 
prophylactic inoculations, when the agglutinin titer of the blood 
had declined considerably, bilateral injections of 1.5 cc of vaccine 
each were given in the deltoid regions of all the 5 infants. The 
results shown in Table I indicate that these injections were invaria- 
bly followed by a very marked increase of agglutinin within one 
week far above the immediate response to the initial vaccination. 
After another interval of from 15 to 28 weeks, the effect of such 
a stimulating dose was tried for the second time with more or less 
similar results. Although we are aware of the fact that agglutinins 
do not necessarily represent immunity, this observation suggests 
that if a stimulating dose of pertussis vaccine is given to an already 
vaccinated child shortly after exposure to infection, it may increase 
the amount of antibody during the incubation period of the disease 
so as to enhance the chance of protection. 
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A Dialyzable Component of Complement. 


Bacon F. CHow AND SAMUEL H. ZI1a. 


From the Department of Biochemistry and the Department of Bacteriology and 
Immunology, Peiping Union Medical College, Peiping, China. 


When serum of a normal guinea pig is dialyzed against a normal 
saline solution with a cellophane tube* the hemolytic activity of the 
solution decreases rapidly. A prolonged dialysis will destroy almost 
all of the original activity. We have now found that this loss of 
activity is due to the loss of one of the components of complement 
which passes through the membrane into the saline solution, and 
that the original activity may be almost completely restored by the 
addition of the dialyzable to the non-dialyzable fraction. 

A typical experiment of the dialysis is as follows: 10 cc of fresh 
guinea pig serum containing 80 units of complement per cc were 


* Obtainable from DuPont Cellophane Co. 
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poured into a cellophane tube both ends of which were closed with 
rubber stoppers and tightened with rubber bands. The sealed tube 
was then suspended in a graduated cylinder containing 100 cc of a 
cold normal saline solution. The dialysis was allowed to take place 
at about 5°C. After 24 hours, the bag was opened and a half cubic- 
centimeter of serum was pipetted out, and it was found to contain 
50 units per cc. The rest of the serum was again dialyzed with 
another 100 cc portion of a normal saline solution. After 24 hours 
another half cc of the serum was taken out and its hemolytic activity 
was found to be 20 units per cc. The rest of the serum was again 
dialyzed with a fresh volume (100 cc) of the saline solution. Two 
days later the bag was opened and the dialyzed serum now contained 
less than 10 units per cc. The total volume of serum after dialysis 
was about 9 cc. Therefore the decrease of activity was not due to 
the dilution of serum. A control sample of the same guinea pig 
serum was stored without dialysis in another cellophane tube and 
kept at about 5°C. Its complement titer dropped from 80 to 60 only 
in 4 days. 

It was of interest to ascertain whether the loss of activity during 
dialysis is due to the separation of the components of complement or 
to some chemical reaction such as oxidation. We have found that 
the original complementary activity may be restored by combining 
the dialyzed serum and the dialyzate. This was done as follows: To 
0.5 cc of the dialyzed serum diluted 30-fold with 0.35% NaCl were 
added varying amounts of dialyzate, and enough normal saline solu- 
tion to make a total volume of 2 cc. Five-tenths cc of hemolysin (2 
units/cc) and 0.5 cc of 2% sheep cells were then added. After 30 
minutes at 37°C readings were made. The results of a repre- 
sentative experiment are presented in Table I. 

TABLE I, 


Restoration of Alexin Activity by Addition of Varying Amounts of Dialyzate to 
0.5 ec of 1:30 of Dialyzed Serum. 


Dialyzate 
obtained Volume of dialyzate in ce 
after —_—_— 
1.5 1.2 1.0 0.8 0.6 0.5 0 
24 4 4 4 4 2 — — 
48 4 4 4 4 4 _— a 


4 = means complete hemolysis. 
2 


2? partial ee 


Tes a no fed 


From the results given in Table I it may be noticed (1) that since 
a half cc of the dialyzed serum diluted 30 times with a normal saline 
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solution was reactivated by the addition of a small amount of the 
dialyzable fraction, the activity of the combined fractions therefore 
corresponded to at least 60 units of complement per cc, and (2) 
that the amount of the dialyzable component necessary for the reac- 
tivation was considerably less than that present in the original 
serum. As little as 0.8 cc of the greatly diluted solution was sufficient 
to restore activity. Therefore, one may conclude that the dialysate is 
a component of complement. 

It is well known that certain components of complement may be 
altered or inactivated by the treatment of yeast,” ammonium hydrox- 
ide,” or oxidation with iodine.* * It was of interest to ascertain 
whether the dialyzable fraction corresponds to one of these fractions. 
We have tried to reactivate the complementary activity of sera 
treated with each one of the above 3 reagents, by adding to them 
varying amounts of the dialyzate; the results have been consistently 
negative. Furthermore, if the sera inactivated yeast, ammonium 
hydroxide or iodine were dialyzed separately, the resultant dialysate 
of each of the treated sera will reactivate the inactive dialyzed un- 
treated serum, that of the oxidized serum being the least active. 
These results, therefore, indicate that the dialyzable component of 
complement is different from the so-called “third” or “fourth” or 
the oxidizable components of complement. 
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Influence of Color Filters on Photodynamic Action of 
Fluorescent Dyes on Gonococcus. 


T. L. Cu’1n. (Introduced by S. H. Zia.) 


From the Department of Bacteriology and Immunology, Peiping Union Medical 
College, Peiping. 


In the study of photodynamic action, Tappeiner* found that with 
eosin the green rays were more lethal to paramecium than the other 


1 Osborn, W. W. B., Complement or Alezxin, Oxford University Press, 1937, 
p. 16. 

2 Gordon, J., Whitehead, H. K., and Wormall, A., Biochem. J., 1926, 20, 1028, 
1036, 1044. 

3 Chow, B. F., and Wong, Sam C., Proc. Soc. Exp. Bion. anD MeEp., 1938, 38, 
120. 

4 Chow, B. F., and Zia, Samuel H., ibid., 1938, 38, 695. 

1 Tappeiner, H. V., Munch. Med. Wehnschr., 1900, 47, 5. 
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parts of the spectrum. Later, Eidinow’? demonstrated, however, that 
with the same dye the orange and yellow rays were more effective 
than the others. Hertel® in a more careful study showed that rays 
with different wave-lengths had different degrees of killing effect 
on the eosin-sensitized B. coli and paramecium. Most of the studies 
were made only with protozoa and B. coli, so it was thought of in- 
terest to apply similar tests to a pathogenic bacterium. In this study 
we have chosen gonococcus for experiment and in addition to eosin 
a few of the other dyes were also employed. 

Different dilutions of eosin, methylene blue, trypaflavine, mercu- 
rochrome, protargol, argyrol, dimethyl-paraphenylenediamine hydro- 
chloride, and tetramethyl-paraphenylenediamine hydrochloride were 
made with doubly distilled water, in 10-fold dilutions from 1:10? to 
1:10*°.. The method of exposure to the ordinary light is the same 
as previously described.*| However, in the experiment with filtered 
light the cells of the hollow-ground slides were covered with, in- 
stead of the ordinary thin cover-slips, different color-filters made 
by the Eastman Kodak Co. The filters used were: red (F. No. 29), 
orange (G. No. 15), yellow (K-1 No. 6), green (B. No. 58), light 
blue (H. No. 45), blue (C. No. 49), and violet (D. No. 35). At 
intervals of 5, 10, 15, 30, 60 and 120 minutes after exposure, sam- 
ples from both exposed and unexposed specimens were plated and 
examined for growth after 24 hours’ incubation. The results of the 
photodynamic action of eosin, methylene blue, trypaflavine, and 
mercurochrome at dilutions from 1:10° to 1:10° after 60 minutes’ 
exposure both to filtered and unfiltered lights are presented in Table 
I while those of the other dyes are omitted since it was found that 
their germicidal properties were not enhanced by the action of light. 

In addition to the data presented in Table I, it may be stated that 
with unfiltered light the effect of photodynamic action of methylene 
blue and trypaflavine for gonococcus was first manifested at the 
end of 5 minutes’ exposure in a dilution of 1:10° while that of eosin 
and mercurochrome was found to appear first at the same time in 
the dilutions of 1:10? and 1 :10* respectively. At the end of 120 min- 
utes’ exposure the bacteria were almost entirely killed by all the 
dyes at the dilution of 1:10° while in the control tubes they were 
only slightly attacked at the dilution of 1:10°. 

With filtered lights, the results were more complicated, but it can 
be stated that the photodynamic action of all the dyes used here after 

2 Eidinow, A., Brit. J. Radiol., 1930, 8, 113. 

3 Hertel, E., Z. allge. physiol., 1905, 5, 95. 

4T’ung, T., and Zia, Samuel H., Proc. Soc. Exp. Bion. AND Mep., 1937, 36, 326. 
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Eosin, and Methylene Blue on Gonococeus at End of 60 Minutes 
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60 minutes’ exposure is almost as effective as that after 120 min- 
utes, 

From Table I it is clear that 3 facts stand out very obviously. 
First, the gonococcus is particularly sensitive to the photodynamic 
action of the various dyes. This is not only in sharp contrast to the 
gram-negative bacilli but also to the closely related species such as 
meningococcus and Micrececcus catarrhalis which are more re- 
sistant than the gonococcus.* * Secondly, the effectiveness of the 
absorbed light in setting up the photodynamic action of the different 
dyes is almost as good as that of the unfiltered light. The only ex- 
ception to this is found in the trypaflavine in which the unfiltered 
light is particularly effective, so much so that it even can bring 
about a complete destruction of gonococcus at the dilution of 1:10*° 
at the end of 60 minutes’ exposure. Lastly, each of the dyes has its 
special absorption-band in the spectrum, Thus for methylene blue 
and trypaflavine, the orange rays are the most effective and in the 
eosin, the green and light blue rays are the effective parts. For 
mercurochrome the orange, yellow, and violet rays seem to act 
equally well. 
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Potassium Tellurite and Copper Sulphate in Sabouraud’s Medium 
for Isolation of Pathogenic Fungi. 


T. L. Ca’ty. (Introduced by S. H. Zia.) 


From the Department of Bacteriology and Immunology, Peiping Union Medical 
College, Peiping. 


In the isolation of pathogenic fungi, one of the principal difficul- 
ties is the occurrence of bacterial contamination. This is particu- 
larly true when dealing with scales and crusts which are usually 
loaded with saprophytic bacteria. In trying to overcome this diffi- 
culty we have found potassium tellurite and copper sulphate to be of 
value as by incorporating them into Sabouraud’s medium they are 
found to be capable of suppressing the growth of bacteria but not 
that of fungi. In reviewing the literature, we have been able to 
find few reports in which chemicals were incorporated in Sabou- 
raud’s medium for the inhibition of contaminants. Sauthof* found 


5 Tung, T., Proc. Soc. Exe. Brot. anp MeEp., 1935, 33, 328. 
1 Sauthof, Z. G., Dermat. Wehnsehr., 1935, 101, 1245. 
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that with stock cultures, 1-2% of yatren in Sabouraud’s medium was 
able to inhibit the growth of staphylococcus but not of fungi. In 
our study the experimental material was taken directly from lesions 
of fungous infections since it seemed more practical to work with 
actual specimens than with stock cultures. The details of this study 
are presented below. 

Different concentrations of potassium tellurite and copper sul- 
phate were incorporated into Sabouraud’s medium on which ma- 
terials such as hairs, scales, and crusts taken directly from lesions 
of known fungous infection were heavily inoculated. Plain Sa- 
bouraud’s glucose-agar was used as control. The inoculated tubes 
were kept at room-temperature and observations were frequently 
made. The suitable concentrations of these chemicals in Sabouraud’s 
medium for this work were found to be 0.015% and 0.05% for 
potassium tellurite and copper sulphate respectively. The results 
of the culture are presented in Table I. 

Besides the data presented it may be mentioned that the fungi 
isolated in this study were Trichophyton violaceum, Mticrosporon 
ferrugineum, Achorion schénleini, Epidermophyton rubrum, and 
Epidermophyton inguinale. It was noted that Achorion schénleim 
Was more resistant and could stand a higher concentration of the 
chemicals than the others. On the Sabouraud’s medium with 0.02% 
of potassium tellurite, the isolation of Achorion schonleint from 
favus scutala was usually quite easy while with the same medium, 
the growth of other species from hairs or scales was frequently re- 
tarded. With copper sulphate, the Achorion schénletnt could grow 
very well in a concentration of 0.06% while the others were found 
to grow best in the concentrations of from 0.04 to 0.05%. 

From Table I, it is clear that Sabouraud’s medium with the addi- 
tion of potassium tellurite or copper sulphate for primary isolation 
of fungi is definitely superior. It not only gives more positive cul- 
tures but also saves medium and labor, as with these media it is not 
necessary to inoculate so many tubes from a single specimen as is 
usually done. With potassium-tellurite medium it was found that 
the initial growth of the different species of fungi all became black 
in color. However, on microscopic examination no morphological 
changes were observed. Furthermore, after transfer to plain Sa- 
bouraud’s medium, all the usual colonial appearances and color- 
characteristics were resumed. Therefore, there is no interference 
with the final identification. 
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Purified Protein Antigen from Brucella. 


PasLo Moraes OTERO AND Luis M. GonzALez. (Introduced by 
D. H. Cook.) 


From the Department of Bacteriology, School of Tropical Medicine, 
San Juan, P. RB. 


Several preparations have been employed in determining allergy 
to the brucella group.*° We have tried to obtain a standard prepara- 
tion which could be measured accurately, would be a good antigen 
and which could be easily prepared with the least possible denatura- 
tion. This has been made possible by following a modification of 
Seibert’s method® for the preparation of P.P.D. (purified protein 
derivative from tuberculin). 

Since the brucella organisms cannot be made to grow on synthetic 
media, as previously demonstrated by investigators,’ we were unable 
to utilize a filtrate of the cultures as with the tuberculin products.® 
We decided to start with a solution of the cellular constituents of 
the brucella organisms and proceed to extract and purify the pro- 
tein fraction. Care was taken in selecting our methods and materials 
to make them as simple and economical as possible. A known 
strain of Brucella abortus (strain No, 456, National Institute of 
Health, Washington, D. C.) was selected for our experiment. 

Large amounts of Br. abortus are grown on standard nutrient 
agar pH 7® in Blake bottles for 72 hours at 37°C. Approximately 
5 ml of saline with 0.5% phenol are added to each bottle and left 
for 30 minutes in contact with the culture to loosen the cells. With 
sterile pipettes the phenolized saline containing the suspension of 
cells is removed from the bottles and the surface of the agar 


1 McFadyean, J., and Stockman, 8., Report of the Departmental Comm. ap- 
pointed by Bd. of Agriculture and Fisheries. Appendix to Part I, London, His 
Majesty’s Stationery Office, 1909. 

2 Burnet, Et., Arch. de l’Inst. Pasteur de Tunis, 1922, 2, 165, 

3 Giordano, A., J. Am. Med. Assn., 1929, 93, 1957. 

4 Hershey, A. D., The chemistry of Brucella. Thesis. Mich. State College, 
unpublished (After Huddleson’s ‘‘Brucella infections in animals and man’’), 
1933. 

5 Huddleson, I. F., Johnson, H. W., and Hamann, HE. E., J. Am. Vet. Med. 
Assn., 1932, 36, 16. 

6 Seibert, F. B., Am. Rev. Tuberc., 1934, 30. 

7 Huston, R. C., Huddleson, I. F., and Hershey, A. D., Tech. Bull, No, 136, 
May, 1934, Michigan State College. 

8 Wadsworth, A. B., Standard Methods, page 90, 1927 edition, 
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thoroughly washed with more phenolized saline. The organisms 
are recovered by centrifuging at high speed; then they are crushed 
with sand in an electrical grinding apparatus for about 2 hours or 
more. The mixture of sand and broken cells is mixed with 2 liters 
of 0.02 N sodium carbonate and placed in the refrigerator over- 
night. Next morning the alkaline suspension is filtered, first through 
paper and then through a Berkefeld candle. To the filtrate we add 
0.5% phenol to avoid bacterial contamination during the following 
steps of the procedure. The filtrate is then concentrated by ultra- 
filtration through alundum cups impregnated with 13% gun-cotton- 
glacial acetic acid solution prepared according to the method de- 
scribed by Seibert.° The ultrafiltration is continued until the liquid 
is concentrated to about 100 ml; then it is washed by passing about 
500 ml of distilled water through the alundum cup filter. The con- 
centrated colloidal solution is then filtered through a Berkefeld candle 
to eliminate any insoluble material that may have sedimented during 
the ultrafiltration. The protein is precipitated by mixing the col- 
loidal solution with one-fourth its volume of a 50% freshly pre- 
pared aqueous solution of trichloracetic acid, making a final con- 
centration of 10% acid. After standing overnight in the icebox 
the protein precipitate is thrown down by centrifugation. Then it 
is washed repeatedly by centrifugation with freshly prepared 10% 
trichloracetic acid solution, until the washings are colorless. The 
protein product is then washed with large volumes of anhydrous 
ether by repeated triturations and centrifugations until all the acid 
is removed and the precipitate is completely dehydrated. 

The final protein product thus obtained from Br. abortus is a fine 
light brown powder, which is not completely soluble in water, but is 
easily dissolved by adding a few drops of 0.1°N alkali. The solu- 
tion can be neutralized with N/10 hydrochloric and it remains clear. 
The uniform chemical composition of the product obtained is shown 
in Table I. 


TABLE I. 
Nitrogen Carbohydrate (unhydrolyzed) 
% ary weight % ary weight 
1 12.35 1.02 
2 12.74 1.47 
3 14.35 ES 


The chemical composition of the antigen is fairly constant, the 
nitrogen and polysaccharide contents of protein prepared from dif- 
ferent batches of cell cultures varying within approximately 1 or 


2%. 
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The antigen prepared by this method gives positive biuret and 
Millon’s tests and a positive xanthoproteic reaction. It is not coag- 
ulated by heat. Intracutaneous test in guinea pigs which have been 
previously infected with different strains of brucella organisms 
showed that a definite skin reaction lasting more than 48 hours can 
be produced when 0.005 mg of the purified protein is injected. 
Larger doses may produce necrosis or even death of the animals, 
depending on the degree of sensitization. Sera of rabbits inoculated 
with Brucella give a positive precipitin test and a positive comple- 
ment fixation test when purified brucella protein is used. 
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Alteration of Chromosome Sensitivity to X-rays with NH,OH. 


ALFRED MarsHak. (Introduced by Shields Warren.) 
From the Laboratory of Pathology, the New England Deaconess Hospital, Boston. 


Previous experiments have led the writer to attribute the forma- 
tion of chromosome abnormalities by X-rays to the action of elec- 
trons on the positively charged materials of the chromosomes.” * 
According to this hypothesis, it is to be expected that if the sign of 
the electrical charges carried by the X-ray-sensitive materials of the 
chromosomes could be changed, the sensitivity of chromosomes to 
alterations by X-rays would be very much reduced. If the pH of 
the medium surrounding the sensitive substance could be shifted to 
the alkaline side of its isoelectric point or to the alkaline side of the 
pK of those of its constituent groups responsible for the X-ray reac- 
tion, the ionization of these positively charged groups would be 
suppressed and only the negatively charged groups would be left 
ionized. . Thus it is to be expected that penetrating bases, if they are 
strong enough to change the intracellular pH sufficiently, should re- 
duce the sensitivity of the chromosomes to X-rays. Penetrating 
acids, on the other hand, should have no effect unless the pH was 
shifted to such an extent that new chromosome materials or their 
constituents were thus brought to the acid side of their isoelectric 
points and therefore rendered electropositive. Substances behaving 
in this manner would most likely be proteins. Furthermore, if the 
pH of the intracellular medium surrounding the chromosomal ma- 


1 Marshak, A., Proc. Nat. Acad. Sct., 1937, 23, 362. 
2 Marshak, A., and Hudson, J. C., Radiology, 1937, 29, 669. 
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terials be taken as approximately 7.0, there are only two types of 
proteins that would carry an appreciable positive charge at this pH, 
the protamines and the histones. These were also the proteins in- 
dicated as the reactive ones by calculations of the size of the “sen- 
sitive volume” of the chromosomes.* 

To determine whether the sensitive material behaves in the man- 
ner predicted by the hypothesis, the following experiments were 
performed: Seedlings of Allium cepa (onion) were brought into 
atmospheres of known CO, concentrations where they were kept 
for half an hour in order to come to equilibrium, and then irradiated 
with X-rays in the atmospheres with which they had been equilibri- 
ated. The normal and abnormal anaphases were then counted at 
3 hours after irradiation. Using 11, 20, 40, 60, and 80 volumes % 
CQ, no significant effect on the sensitivity of the chromosomes was 
observed. The differences in the percent abnormal anaphases at the 
different concentrations were no greater than might be expected 
from errors in the determination of the dose of X-rays. Therefore, 
if there are any other proteins in the chromosomes capable of react- 
ing to X-rays, they must have isoelectric points lower than that rep- 
resented by the intracellular pH produced by an atmosphere of 80% 
CO2. 

In sharp contrast to the results obtained with CO,, it was found 
that dilute solutions of ammonium hydroxide in distilled water 
would markedly alter the sensitivity of chromosomes to X-rays. 
Thirty to 40 seedlings of A. cepa were immersed in solutions (100 
cc) of various concentrations of ammonium hydroxide for half an 
hour and then irradiated. Several lots were irradiated simultaneous- 
ly with a control group treated only with distilled water which was 
used as a check on the X-ray dosage at each exposure. During the 
period of irradiation the seedlings were kept between filter papers, 
each moistened with the solution in which the seedlings had pre- 
viously been immersed. After irradiation the seedlings were rinsed 
several times in distilled water and incubated for 3 hours. They 
were then fixed and the anaphases examined. Seedlings of Vicia 
faba (broad bean) were treated in a similar manner, except that 
they were left in the ammonium hydroxide solutions for 2 hours 
before irradiation to insure complete penetration since their roots 
are considerably thicker than those of A. cepa (root diameters ap- 
proximately 0.8 to 1.0 mm and 0.2 to 0.3 mm respectively). Only 
6 seedlings were placed in each beaker with 100 cc of solution. 
Throughout all of these experiments the temperature was kept at 
22°-23°C. The results are shown graphically in Figs. 1 and 2, and 
in Tables I and III. 
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Fig. 1. 
Vicia faba—100 Roentgens. 

Per cent abnormal anaphases at 3 hours after irradiation with X-rays plotted 
against concentration of ammonium hydroxide in solutions in which the seedlings 
were immersed. Rectangles represent seedlings treated only with ammonium hy- 
droxide and then incubated for 3 hours before examination. Open circles repre- 
sent seedlings treated with ammonium and X-rays and then incubated. Crossed 
circles are obtained by subtracting the control values (rectangles) from the values 
after treatment with X-rays and ammonia (open circles) and represent the per 
cent abnormalities that may be attributed to the action of X-rays. Each point is 
based on counts of 150 to 1,000 anaphases except controls at concentrations 5.0 
and 6.0 which are based on 68 and 97 anaphases respectively. 
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Fig. 2. 
Allium cepa—80 Roentgens. 
Symbols have the same significance as in Fig. 1. For simplicity the curve of 
open circles has been omitted. Each point is based on counts of 200 to 3,000 
anaphases except control at concentration 4.0 which is based on 79. 
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It is evident from the figures that ammonia inhibits the formation 
of chromosome abnormalities by X-rays. For V. faba, with .002 N 
NH,OH the reduction in sensitivity to X-rays amounts to a factor 
of approximately 2 and with .006 N to a factor greater than 60, 
since the corrected curve falls below 0% abnormalities at this point. 
Although the curve for X-rayed seedlings of V. faba shows a very 
definite plateau, the curve for seedlings treated only with ammonia 
gives no indication of one. With A. cepa the results are similar 
except that the curve for the X-rayed seedlings suggests that there 
may be a dip before the plateau is reached. More data are needed 
to determine whether the dip is real. The marked reduction in sen- 
sitivity by concentrations of ammonia which alone produce few or 
no abnormalities, and the different shapes of the X-ray and con- 
trol curves indicate that the production of abnormalities by X-rays 
is due to their effect on a chromosomal system different from that 
which is altered by ammonia when it alone produces abnormalities. 
One effect of ammonia, and the only one at low concentrations, is 
to change the state of dissociation of the X-ray-sensitive materials 
in such a way as to render them less sensitive, presumably by chang- 
ing the hydrogen ion concentration. The hypothesis that the 
X-ray-induced chromosome abnormalities are the result of the ac- 
tion of negative electrons on the positively charged groups of the 
dividing chromonemata is thus supported. Furthermore, since no 
abnormalities are produced by X-rays after treatment with .006 N 
NH,OH for lV. faba and .008 N for A. cepa, it would seem that at 
the intracellular pH corresponding to this concentration, the ioniza- 
tion of a large portion of the free positively charged groups is sup- 
pressed, leaving the separating chromonematic surfaces with a pre- 
dominance of negative charges.* This finding would eliminate the 
protamines as the sensitive materials in these chromosomes, for their 
high content of arginine (87% of salmine, for example, is arginine) 
with a dissociation constant above pH 12 would require that the 
greater part of the X-ray-sensitive material still be positively charged 
and therefore capable of reacting at the high ammonia concentra- 
tions at which only a small proportion of the abnormalities may be 
attributed to X-rays. 

Another interpretation might be given to the X-ray-ammonia 


* At the higher concentrations of ammonia the per cent abnormal chromo- 
somes is lower in the X-rayed seedlings of V. faba than in those treated with 
ammonia alone, which would suggest that X-rays in some way inhibit the tendency 
of ammonia to produce abnormalities. However, the phenomenon needs to be 
studied further before any very precise analysis of its nature can be made. 
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curves. It is possible that ammonia might arrest mitoses at late 
prophase or metaphase so that the cells observed later in anaphase 
may have been irradiated in one of these insensitive stages rather 
than at the onset of prophase. One might then expect an increase 
of metaphases or of all division stages at the time when the cells 
were fixed, 3 hours after irradiation. Instead, a marked decrease in 
the frequency of division stages was observed. Likewise dumb- 
bell-shaped nuclei and binucleate cells in a relatively high frequency 
would be expected. Only very few were found (1 to 7 per slide 
with 30 roots of A. cepa at .001 N to .006 N), and these could be 
shown to be the result of multiple chromosome attachments and not 
the result of anaphase suppression. It seems most probable, therefore, 
that the anaphase cells counted had their abnormalities induced at 
the onset of the prophase as has been demonstrated for cells not 
treated with ammonia, and that the ammonia reduces sensitivity at 
this stage. 

This conclusion is further supported by examining the percent 
abnormal anaphases at various intervals after immersion in am- 
monia. The roots examined at one-half hour after treatment with 
0.0025 N NH,OH showed the maximum number of abnor- 
malities, which is approximately the time taken for the cell to de- 
velop from metaphase to middle or late anaphase (Table IV), in- 
dicating that the stage sensitive to the production of abnormalities 
by NH,OH is the metaphase. Irradiation with X-rays produces a 
maximum number of abnormalities at 214 to 3 hours after treat- 
ment, the sensitive stage being the onset of prophase, while the meta- 
phase is quite insensitive. In producing abnormalities in metaphase, 
therefore, ammonia must act on quite a different chromosomal 
system than X-rays and also in reducing the sensitivity to X-rays at 
onset of prophase the ammonia must in some way be acting on the 
X-ray sensitive portion of the chromonema. 

Ammonia has been known to produce dumbbell-shaped nuclei and 

TABLE I. 


A. cepa—Experiments 130, 131. X-ray—80 r. in air. Calculated Dose Received 
when in Chamber—75 r. 


a d 
volume b e % 
% COe abnormal total abnormal 
air only 400 856 46.7 
11 550 1237 44.5 
20 238 565 42.2 
40 324 765 42.5 
60 208 449 46.4 


80 206 443 46.5 
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TABLE II. 
Summary NH,OH—X-ray. Experiments 146, 149, 150. 
V. faba—100 r. (approximate, see note below) * 


a b ¢ d e f 
% e minus 
abnormal control d. 
Cone. % corrected X-ray 
NH,0H N x 10-3 Exp. Abnormal Total abnormal for dose effect only 
0 146 417 711 58.7 58.7 58.2 
0 149 579 1043 55.5 58.7 58.3 
0 150 264 419 63.1 58.7 58.7 
1.0 146 207 439 47.2 47.2 46.5 
1.5 150 461 1061 43.5 40.5 39.0 
2.0 146 151 465 32.5 32.5 30.0 
2.5 150 247 726 34.0 31.6 28.7 
3.0 149 68 228 29.8 31.6 27.7 
3.5 149 48 161 29.8 31.6 27.6 
4.0 146 58 182 32.0 32.0 27.6 
4.5 149 88 351 25.0 26.5 19.0 
5.0 149 40 207 19.3 20.4 8.6 
6.0 146 18 227 8.0 8.0 —11.6 
8.0 146 38 232 16.5 16.5 —38.1 
Controls—No X-ray. 

0 146 3 625 0.5 

0 149 6 1097 0.4 

0 150 a = = 

1.0 5 643 0.7 

2.0 11 457 2.5 

3.0 14 358 3.9 

4.0 2 203 4.4 

5.0 8 68 11.8 

6.0 29 147 19.6 

8.0 52 97 54.6 


*In experiments 149 and 150 there was a small but definite and uncontrollable 
fluctuation in voltage which made it impossible to get the dose exactly from 
dosimeter readings. The per cent abnormalities from seedlings treated only with 
water at each exposure has been used to obtain a correction factor to the X-ray 
dose value of experiment 146. The 58% abnormal for this experiment corresponds 
to 100 r. as determined from the survival curve by the method previously 
described.2 In experiment 146 it was possible also to hold the voltage steady and 
the dosimeter readings gave the dose as 100 r. Voltage fluctuations did not com- 
plicate results in any of the other experiments. 


binucleate cells.*»* Kuwada and Nakamura’ treated dividing plant 
cells with ammonia fumes and observed swelling of the chromosomes 
and “unraveling”? of chromonemata resulting in a condition resem- 
bling a resting stage nucleus. A special effort was made while car- 
rying out these experiments to find the swelling and “unraveling” 
described. At no stage after treatment with ammonia was there 
found to be a generalized swelling or “unraveling”, although at 
Y hour after treatment about half the anaphase cells had one or 
more attached chromosomes. When several chromosomes become 

3 Mainx, F., Zool. Jahrb. Abt. f. Allg. Zool. u. Physiol. der Tiere, 1924, 41, 553, 


4 Rosenfeld, M., Arch. exp. Zellf., 1933, 14, 1. 
5 Kuwada, Y., and Nakamura, T., Cytologia, 1934, 5, 244. 
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TABLE III. 
Summary—NH,OH—X-ray Experiments 127, 132, 133, 148. 
A. cepa—80 r. 
Cone. % d minus control d 
NH,OHN x 10 Abnormal Total abnormal X-ray effect only 
OF MERZ) 383 799 48.0 46.3 
0 (157) 197 423 46.5 45.7 
0.01 271 597 45.4 43.7 
0.1 139 422 33.0 31.3 
1.0 176 743 23.7 22.1 
1.5 61 291 20.9 18.9 
2.0 40 257 15.6 13.1 
2.5 28 203 13.8 9.8 
3.0 50 261 19.2 15.5 
4.0 59 264 22.3 18.3 
5.0 40 192 21.0 16.1 
6.0 76 394 19.3 8.8 
8.0 107 543 19.7 —0.8 
10.0 125 435 28.7 —6.9 
Controls—No X-ray. 
0 (157) 66 3953 uy 
0 (162) 12 1530 0.8 
1.0 15 956 1.6 
2.0 6 238 2.5 
2.0 13 655 2.0 
2.5 28 696 4.0 
3.0 23 628 3.7 
4.0 3 79 3.8 
5.0 34 699 4.9 
6.0 45 248 18.0 
6.0 34 325 10.5 
6.0 34 274 12.4 
8.0 41 200 20.5 
10.0 242 681 35.6 
TABLE IV. 


Anaphase Chromosome Abnormalities as a Function of Time After Treatment 
with 0.0025 N NH,OH 


Time after treatment in hours 0 % 1 2 3 4 5 
Total anaphases 888 1107 588 547 371 473 426 
% normal 68.0 51.9 87.0 92.4 95.7 95.5 96.0 


so attached, the daughter anaphase groups fail to separate as some- 
times happens to cells receiving heavy doses of X-rays. The obser- 
vations of Kuwada and Nakamura may be interpreted, therefore, 
not as a direct swelling and “unraveling” produced by ammonia, but 
as the usual sequence of changes observed in telophase and resting 
stage of chromosome groups whose separation has been prevented. 
Zirkle® has studied the relation of varying concentrations of am- 
monia, carbon dioxide and hydrogen sulfide on X-ray inhibition of 
fern spore germination and the first cell division of that spore. 
Curves for the effects of acids and bases alone are not given, but 


6 Zirkle, R., Am. J. Roent. and Radium Therapy, 1936, 35, 1. 
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curves for the relative X-ray effects of the chemically treated spores 
as compared with irradiated, but non-treated spores are presented. 
Ammonia appears to inhibit the X-ray action at low concentrations, 
the effect reaching a maximum at about 0.003 N and then at higher 
concentrations, 0.008 N, markedly increases the X-ray sensitivity. 
The acids, on the other hand, increase sensitivity at low concentra- 
tions and decrease it at high concentrations. It is possible that the 
fern spore results may be related to the observations on chromo- 
somes here presented, but there are not enough data available for 
the observations on the spores to show any direct correlations. In 
interpreting his results Zirkle assumes one or more sensitive proteins 
associated with the cell function studied which is normally in a 
medium on the alkaline side of its isoelectric point. Added acids 
increase sensitivity until the isoelectric point is reached and then 
decrease it. Although ammonia does decrease sensitivity as ex- 
pected on his hypothesis, there is no adequate explanation for the 
observed turning point at 0.003 N, for if toxicity is to be invoked 
as an explanation here, it might also be used for the turning point 
on the acid side which is presumed to represent the isoelectric point. 

The pH range included by distilled water solutions of 0.001 N 
to 0.01 N NH,.OH is approximately 10.27 to 10.77." The absolute 
value of the intracellular pH is not known. However, if the internal 
pH is reduced by the interaction of ammonia ions with intracellular 
anions, the plateau of the X-ray curve might conceivably correspond 
with the steep portion of the dissociation curve of ammonia, where 
a relatively large change in ammonia normality is needed to alter 
appreciably the percent dissociation and hence the percent reduction 
in sensitivity of chromosomes to X-rays. However, if ammonia 
dissociation were the only factor involved one would expect a similar 
plateau in the ammonia control curve. There is no indication of 
one with V. faba or with A. cepa. 

The X-ray curve for V. faba shows an interesting resemblance to 
protein titration curves and it may be possible to analyze it further 
in terms of the constituent amino acids of the proteins involved. As 
previously indicated the guanidine group of arginine with a pK of 
12.5 would not be involved in the reaction while lysine with pK 
values 8.95 and 10.5 and cysteine with pK 8.2 and 10.3 might very 
well be.j Thus the chromosome response to ammonia and X-rays 


7 Michaelis, L., Hydrogen Ion Concentration, Baltimore, 1926, trans. by A. 
Perlzweig. 

+ Dissociation constants taken from 8. 

8 Cohn, Edwin J., Ergebnisse der Physiologie, 1931, 38, 781. 
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leads to the conclusion that the sensitive proteins are probably his- 
tones, and suggests the possibility of identifying those of its amino 
acid constituents which take part in the reaction. Whether these 
X-ray-sensitive amino acids can be more specifically and perhaps 
quantitatively ascertained remains for future experimentation to 
determine. 

Summary, Treatment with ammonia reduces the sensitivity of 
chromosomes to X-rays. Curves showing the decrease in sensitivity 
as a function of ammonia concentration are presented. The results 
are taken as evidence in support of the hypothesis, previously ad- 
vanced, that the sensitivity of chromosomes to X-rays at the onset of 
prophase may be attributed to the presence of positive charges on the 
separating surfaces of the dividing chromonema. These separating 
surfaces are probably made up of proteins of the histone type. 


9991 
A Corpus Luteum-Stimulating Substance in the Rat Placenta.* 


E. B. Astwoopt anv R. O. Greer. (Introduced by F. L. Hisaw.) 
From the Biological Laboratories, Harvard University, Cambridge, Mass. 


In the majority of mammals the length of the pregnancy cycle 
exceeds that of the normal estrous or pseudopregnant cycles, and 
this prolongation is due in part, to a sustained function of the cor- 
pora lutea. The presence of foetal elements is in some way respon- 
sible for this continued activity of the maternal ovary. 

The function of the corpora lutea of the rat during the first half 
of pregnancy is under the control of the hypophysis and the mechan- 
ism involved is apparently the same as that in pseudopregnancy. Lu- 
teal function is essential throughout pregnancy, however, as shown 
by the fact that bilateral Gophorectomy invariably terminates gesta- 
tion.** Removal of the pituitary gland during the first half of 
pregnancy is likewise followed by death and resorption of the foe- 


* Aided in part by a grant from the Rockefeller Foundation administered by 
Professor F. L. Hisaw. 

+ Rockefeller Foundation Fellow in the Natural Sciences. 

1 Harris, R. G., and Pfiffner, 8. 8., Anat. Rec., 1929, 44, 205. 

2 Johnson, G. E., and Challans, J. C., Anat. Rec., 1930, 47, 300. 

3 Nelson, W. O., and Haterius, H. O., Physiol. Zool., 1930, 8, 231. 

4 Hain, A. M., Quart. J. Exp. Physiol., 1934, 24, 101. 
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tuses, whereas pregnancy continues if hypophysectomy is performed 
after the tenth or eleventh day.>* In the rat hypophysectomy re- 
sults in a persistence of existing corpora lutea, but such persisting 
corpora are non-functional in the non-pregnant animal.’ From these 
considerations it is apparent that some extra-pituitary factor is re- 
sponsible for the luteal function of late pregnancy. 

That the uterus itself, the maternal placenta or the “‘metrial gland” 
are not concerned in this mechanism is indicated by the fact that 
the presence of numerous large deciduomata in the uterus fails to 
prolong the length of pseudopregnancy. Any influence in this re- 
gard of uterine distension or of uterine hormones is thus ruled out. 
Furthermore, the controlling factor is not resident in the foetuses 
themselves, for removal of all the foetuses by Caesarian section 
does not shorten the pregnancy cycle if the placentz are left intact.* 

Attempts to demonstrate a gonadotropic substance in the placente 
of animals other than those of certain primates and equide have 
thus far been unsuccessful, but the existence of some corpus luteum- 
stimulating substance of extra-pituitary source during pregnancy 
has been suspected by numerous investigators. These failures may 
be attributed to the type of tests used for the demonstration of a 
corpus luteum-stimulating principle. 

In the present investigation the deciduoma reaction was employed 
as a test for corpus luteum function. Pseudopregnancy was in- 
duced by electrical stimulation of the cervix uteri during estrus 
and + days later the endometrium was mechanically traumatized. In 
35 normal control animals deciduomata developed in every instance, 
while in 10 animals hypophysectomized on the day of endometrial 
trauma, the reaction did not occur. Of these latter animals, 2 were 
examined at 24 hours, 2 at 48 hours, 2 at 72 hours, and 4 at 96 
hours; in no case was there any indication of decidual reaction, the 
uteri showing progressive atrophy. Being thus assured that the 
corpora lutea of pseudopregnancy are non-functional in the absence 
of the hypophysis, animals similarly prepared were used in attempts 
to maintain luteal function. Eleven animals hypophysectomized on 
the fourth day of pseudopregnancy just prior to endometrial trauma 
were injected twice daily with saline suspensions of fresh rat pla- 


3 Pencharz, R. L., and Long, S. A., dm. J. Anat., 1933, 53, 117. 

& Selye, H., Collip, J. B., and Thomson, D. L., Proc. Soc. Exp. Bron. AND MED., 
1933, 30, 589. 

TGreep, R. O., Anat. Ree., 1938, 70, 32; Endoerin., in press. 

& Selye, H., and MeKeown, T., Proe. Roy. Soe. London, SB, 1935, 119, 1. 
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cental tissue. In all 11 cases deciduomata were found in various 
stages of development when the animals were examined 24 to 96 
hours after hypophysectomy. To avoid the toxicity of the fresh 
material various rat placental extracts were prepared and tested in 
the same manner. A crude alkaline aqueous extract was found to 
be active (2 animals). Combined isoelectric precipitates (pH 5.2 to 
6.7) from aqueous alkaline extracts produced deciduomata in each 
of 6 animals while the concentrated supernatant fluid was inactive. 
Approximately one gram equivalent of fresh tissue was given daily 
in 2 doses. Pseudopregnant rats Gophorectomized at the time of 
endometrial trauma did not develop deciduomata and the injection 
of fresh placental extracts in such animals failed to induce decidu- 
oma formation. 

Fresh placenta or the active extracts when injected into 13 normal 
adult females beginning on the day of estrus inhibited the ensuing 
cycles; deciduomata developed in all animals following uterine 
trauma 4 days after the beginning of injections. In these 13 ani- 
mals, one gram equivalent of fresh tissue or more was given daily; 
smaller amounts in 17 similar animals failed to inhibit the estrous 
cycle and consequently no deciduomata formed. It should be noted 
that toxic materials are likewise capable of inhibiting the estrous 
cycle and permitting the development of deciduomata, rendering the 
non-hypophysectomized rat unreliable as a test for corpus luteum 
stimulation. 

The length of pseudopregnancy in the rat is subject to considerable 
variation but in the majority of animals its duration is 12 to 14 
days. lf deciduomata are present in such animals their breakdown 
is heralded by external hemorrhage 2 to 4 days prior to the appear- 
ance of the next estrous cycle. To determine the influence of placen- 
tal extracts on the prolongation of the function of the corpora lutea 
of pseudopregnancy, 4 animals were treated from the 8th to the 
16th day of pseudopregnancy with one gram equivalent of pla- 
cental extracts daily. In all 4 cases deciduomata were found at 
autopsy on the 17th day. 

Attempts to maintain the corpora lutea of normal pregnancy be- 
yond term have thus far been unsuccessful. The injection of large 
amounts of fresh placental suspension into 4 rats at frequent in- 
tervals from the 19th day of pregnancy onward did not delay par- 
turition. Live foetuses of normal birth weight were delivered on 
the 21st to 22nd day. This may indicate that the termination of 
pregnancy is determined by a primary failure of the corpus luteum. 

The active material in the rat placenta apparently is unlike any 
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known gonadotropic substance. One gram equivalent or more in- 
jected into 21-day-old male and female rats daily for 5 days caused 
no increase in the weights of the ovaries, uteri, testes or seminal 
vesicles. As much as 5 g of fresh placenta injected intravenously 
into an estrous rabbit failed to induce ovulation or the formation of 
hemorrhagic follicles or corpora lutea. These tests establish its dis- 
similarity to any known gonadotropic substance of pituitary origin 
and differentiate it from the pregnancy hormones of the human 
being and the mare. Active extracts tested on 6-week-old pigeons 
gave negative results. Five grams equivalent in 5 daily subcu- 
taneous injections or one-tenth gram intracutaneously over the crop 
gland resulted in no proliferation of the crop epithelium. 

These experiments indicate that in normal pregnancy in the rat 
the foetal placenta secretes a substance which is responsible for the 
maintenance and function of the corpora lutea during the latter half 
of pregnancy. The functional corpora lutea induced by the act of 
copulation carry pregnancy to the 10th or 11th day at which time 
the hormone secreted by the developing chorion acts to maintain and 
enlarge these corpora whose continued secretion prolongs gestation 
to term. 

In view of these and other considerations together with the avail- 
able information on the chorionic hormones of the human being 
and the mare, it is probable that a similar mechanism is active to a 
greater or lesser extent in maintaining the luteal function of preg- 
nancy in many mammals. 
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Influence of Diet on Gonad Activity of English Sparrow, 
Passer domesticus (Linnaeus). 


James C. Perry. (Introduced by A. G. Wedum.) 


From the Department of Biology, Xavier University, Cincinnati, Ohio. 


Since the work of Rowan,’ Bissonnette,” and more recently of 
Kirschbaum and Ringoen,* and others, exposure to increased light 
during the spring months has been considered the predominant fac- 
tor in inciting the development of the gonads of birds that com- 


1 Rowan, W., The Riddle of Migration, The Williams and Wilkins Co., 1931. 
2 Bissonnette, T. H., J. Hap. Zool., 1931, 58, 281. 
8 Kirschbaum, A., and Ringoen, A. R., Anat. Rec., 1936, 64, 453. 
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monly reproduce in the spring. It is believed that the anterior 
hypophysis is indirectly stimulated by the increased daily light and 
in turn stimulates the gonads to activity. 

The investigators mentioned above have fairly well established the 
fact that increased exposure to artificial light does cause gonadal ac- 
tivity in such birds as juncos, starlings and English sparrows. Juve- 
nal sparrows (birds hatched during the previous summer) thus 
treated in our laboratory responded after 60 days’ exposure (No- 
vember 15 to January 15). They were exposed to light for 10 hours 
daily in excess of the normal light period. The source of the light 
was a 25-watt Mazda lamp placed approximately one foot from the 
birds. The males thus treated developed the black beaks character- 
istic of this species during the breeding season. The testes contained 
cells in all stages of spermatogenesis, the sperm ducts were enlarged 
and otherwise functional. Female birds had, at this time, large 
ovaries containing numerous eggs of various sizes. The ovary had 
increased approximately 300% in weight and 6 times in volume 
over the non-treated controls. This is not the extreme increase 
found in fully developed females in the wild. It is, however, a 
marked increase, being about one-half that of the wild bird ovary 
at the height of development. The number of follicles, also, was 
greatly in excess of that of the controls. In judging the degree of 
ovarian development this factor is perhaps more important than 
weight and volume, at least in the early stages. The oviducts of 
light-treated birds were also greatly developed. Sections reveal the 
extreme epithelial and glandular development characteristic of 
breeding females. 

In an attempt to determine what factor in the light might be re- 
sponsible for these effects, birds were subjected to increased expos- 
ures of ultraviolet light during December and January. The source of 
such radiation was the recently developed Sperti bulb manufactured 
by Science Laboratories, Cincinnati, Ohio. The effects were iden- 
tical to’ those obtained when ordinary Mazda bulbs were used. 
However, the time required was considerably less. The daily ex- 
posure to Sperti light was for the same length of time; comparable 
development of the gonads, however, was obtained in 3 weeks. It 
would seem, therefore, that ultraviolet radiation in nature is an im- 
portant stimulating cause of gonadal activity. 

Not satisfied, however, that light directly affecting the birds is 
the determining factor of gonadal activity for the reason that many 
seasonal breeding vertebrates undergo seasonal gonad activity with- 
out receiving additional amounts of light, the writer carried out the 
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following experiments for which the light-treated birds mentioned 
above served as controls. Whole wheat grains were exposed to 
radiations from the same Sperti ultraviolet bulbs and were fed to 
the sparrows during December, January, and February. These 
birds received only the ordinary daily amount of light in the labora- 
tory. Controls were fed on a non-irradiated wheat diet. The birds, 
both experimental and control, were juvenals. Three groups of ex- 
perimental and control birds, 6 to a group, were used. Thus a total 
of 36 birds was employed. Guided by a preliminary experiment, 
birds were sacrificed at weekly intervals after they had received 
wheat irradiated for 250 hours. As soon as the wheat had been 
exposed to the ultraviolet light for 24 hours it was fed to the birds. 
Each subsequent feeding was from wheat that had received a daily 
increasing amount of ultraviolet light. After this exposure had 
reached 250 hours the gonadal response of the birds was well ad- 
vanced. Birds that received wheat irradiated in excess of 300 hours 
showed a pronounced response. As in the case of light-treated 
males of both types the beaks became black, complete spermato- 
genesis ensued, and the sperm ducts developed to a state of func- 
tional activity. The ovaries and oviducts of the females likewise 
developed. Follicles in the ovaries were very numerous. Several in 
each ovary were more than a millimeter in diameter. Weight and 
volume increases were equal to or slightly greater than light-treated 
bird ovaries. The oviducts closely approached the condition found 
in oviducts of wild laying birds. That the development in both sexes 
was pronounced cannot be doubted when compared to birds receiving 
injections of Parke-Davis Antuitrin anterior lobe extract. This 
latter was kindly supplied by Dr. Oliver Kamm, to whom the writer 
is indebted. Male and female birds were injected subcutaneously 
with 0.2 cc of this preparation 3 times a week for 3 weeks. The 
response of these birds was closely comparable to the results obtained 
from feeding irradiated wheat. The controls of the wheat-fed 
birds, as well as the wild birds sacrificed during this experiment in 
no instance showed development beyond the resting condition of the 
gonads and ducts. 

Conclusion. It seems likely that a chemical substance in the wheat 
is changed by the ultraviolet radiations. Most probably this sub- 
stance directly affects the anterior hypophysis, which in turn stim- 
ulates gonad activity. If this is the case we have a new explanation 
of the seasonal sexual activity of the sparrow in the natural state. 
This interpretation, which merely shifts the emphasis from light 
affecting the animal to light producing a change in the diet, may 
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well apply to the seasonal sexual development of other vertebrates 
as well. The results of the above experiment point to an increase of 
Vitamin D or some kindred substance as the specific dietary factor. 
Other experiments, planned to determine the exact mechanism, are 


in progress. 
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Anomalous Behavior of Isolated Muscle Fibers Toward Certain 
emical Stimuli. 


E. W. ASHKENAZ. (Introduced by L. V. Heilbrunn.) 
From the Department of Zoology, University of Pennsylvania. 


The rhythmic twitching induced in skeletal muscle by sodium 
chloride solutions is well known. It has also been known for a long 
time that the sodium salts of the calcium-precipitating anions induce 
even stronger twitching and that potassium chloride, citrate and 
oxalate are also effective, although potassium salts in addition 
cause a characteristic contracture. It was rather surprising, there- 
fore, to find that the single isolated muscle fiber, when immersed 
in any of these solutions, did not twitch at all nor did it undergo 
contracture. The behavior of the isolated fiber was so different 
from that of the whole muscle that an attempt was made to discover 
the cause of this paradox. 

Single muscle fibers were isolated from the adductor magnus 
muscle of the frog (Rana pipiens) in the usual frog Ringer’s solu- 
tion, buffered with di-sodium phosphate. Ordinarily, no attempt 
was made to preserve the nerve ending and the fiber was cut at both 
ends in the process of dissection. The isolated fiber then differs 
from the fiber in the intact muscle in that its nerve ending may be 
lacking, that is, it may have been located in a part of the fiber which 
was discarded ; and also in that its ends are cut. This fiber responds 
quite normally to electrical and ultraviolet stimulation. It twitches 
in response to a condenser discharge or an induction shock and 
shortens on faradic stimulation or ultraviolet irradiation. How- 
ever, its reaction to chemical stimulation is lacking in so far as the 
chloride, citrate and oxalate of sodium and potassium are concerned. 
Moreover, it does not respond to acetylcholine in Ringer’s solution. 
In this respect my results corroborate those of Keil and Sichel.* 


1 Keil, E. M., and Sichel, F. J. M., Anat. Rec., 1937, 70 (Supplement No. 
1), 112. 
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By more careful dissection, it was possible to isolate muscle fibers 
with the nerve ending intact. In the frog, the motor nerve ending 
is rather diffuse, so that it was not assumed to be present unless a 
portion of the myelinated fiber was identifiable also. Such prepa- 
rations were treated with isosmotic sodium citrate or with acetyl- 
choline in Ringer’s solution (1:10,000). It was found that the 
presence of the nerve ending made no difference, and in no case was 
there any response to immersion in either of these solutions. 

Fibers were also isolated intact in the semitendinosus muscle, in 
the manner described by Asmussen.? These were also immersed in 
isosmotic sodium citrate or acetylcholine-Ringer’s solution. Again 
there was no reaction, although in one case, in which the fiber was 
immersed in acetylcholine-Ringer’s solution, the nerve ending was 
also intact so that the fiber was exactly as in the undissected muscle. 
Keil and Sichel* concluded that the failure of the isolated fiber or 
small bundle of fibers to react to acetylcholine-Ringer’s solution was 
due to the lack of the nerve ending. The results reported here do 
not support this conclusion because the isolated fiber does not react 
to this solution even when the nerve ending is seen to be present, 
Moreover, it is generally conceded that sodium citrate, which causes 
twitching in curarized muscles, acts on the muscle substance itself. 
Therefore, this salt should cause twitching in the isolated fiber 
whether the nerve ending is present or not. That it does not do so 
suggests that the same factor may be in operation in the failure of 
the isolated muscle fiber to react either to sodium citrate or to 
acetylcholine solutions. 

Work is now in progress on the effects of various concentrations 
of acetylcholine and the salt solutions as well as on the effect of 
localized application of these solutions. The recent results of 
Buchthal and Lindhard*® indicate that such localized applications 
of acetylcholine to the region of the motor end plate are effective in 
producing a twitch. However, they worked on small bundles of 
fibers, in which the single fibers were not completely: isolated. Ex- 
periments on the size of the bundle of fibers which will react to these 
chemical stimulants of muscle, which will be reported in detail later, 
indicate that under certain conditions as few as 4 fibers, in a bundle, 
will react to acetylcholine or sodium citrate solutions. On the other 
hand, single isolated fibers have never been observed to twitch in 
any of the solutions used, although altogether several hundred indi- 
vidual fibers have been observed. 


2 Asmussen, H., Arch. f. d. ges. Physiol., 1932, 280, 263. 
3 Buchthal, F., and Lindhard, J., J. Physiol., 1937, 90, 82P. 
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Insulin Absorption from the Intestine in Normal and in 
Depancreatized Dogs.* 


Rate H. Major. 


From the Hixon Laboratory for Medical Research, University of Kansas School 
of Medicine, Kansas City, Kansas. 


Since the isolation of insulin, the subject of the enteral adminis- 
tration of insulin has excited the interest of investigators. The 
results reported are somewhat confusing and conflicting. 

Bollman and Mann’ found that ‘‘Large amounts of insulin may be 
instilled directly into the duodenum, jejunum or ileum without any 
appreciable effect on the sugar of the blood of normal dogs except 
for the slight effects when concentrated insulin was used.” Boll- 
man and Mann employed doses varying from 100 to 300 units. Mur- 
lin, Tomboulian and Pierce? report the absorption of insulin from 
the Thiry-Vella loops of the jejunum in 4 normal dogs, and in 2 of 
them after pancreatectomy. These observers found that the ab- 
sorption was aided by the addition of 0.1% HCl, bile and hexyl- 
resorcinol. 

In a large series of experiments performed during the past 3 years 
we have invariably obtained the results reported by Bollman and 
Mann when insulin in dilute acid solution was introduced into an 
intestinal loops of normal dogs. More recently we have obtained 
very definite evidence of absorption in normal and especially in 
diabetic dogs when the insulin was administered with glycol com- 
pounds. The most effective of these substances in our experience 
has been pinacol or tetramethyl-glycol. This compound is solid at 
room temperature and melts at 42°C. Our Jp meas have been 
prepared in the following manner: 

The pinacol was melted at 42°C and added to an equal amount of 
insulin solution, consisting of 1000 units of insulin dissolved in 1 cc 
of one-tenth normal HCl. This mixture solidifies rapidly, and after 
standing for a brief period, it was ground into a powder, and this 
powder pressed into small tablets containing 50 units of insulin per 
tablet. In some preparations the insulin pinacol mixture was heated 


*TI am under deep obligation to Eli Lilly and Company for the supply of 
insulin which was used in these experiments. 

1 Bollman, Jesse L., and Mann, Frank C., 4m. J. M. Sc., 1932, 188, 23. 

2 ep Ri John R., Tomboulian, Ruth Latta, and ‘Pierce, H. B., Am. J. Physiol., 
1937, , 733. 
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for one-half hour at a temperature of 110°C and under 10 pounds 
pressure. 

Some of the dogs employed in these experiments had an isolated 
U-loop of the jejunum, approximately 18 inches long, others a 
Y-type of loop, which emptied into the mid-portion of the jejunum. 
After experiments were performed on these normal dogs with U 
and Y loops, the dogs were depancreatized, and the experiments were 


TABLE I. 
Dog No. I. Y-loop, weight 7,900 g, pancreas removed March 5, 1938. 
Normal Dog—March 1, 1938 Diabetic Dog—March 7, 1938 
Time Blood Sugar Time Blood Sugar 
9:30 A.M. 94 9:20 A.M. 193 
Insulin 50 units 10200) 22 Insulin 50 units 
11:10 A.M. 100 1:20 P.M. 64 
12:45 P.M. 98 2:40 ?? 49 
Pipa O) aa? 91 4:00 7? 55 
Dog No. II. Y-loop, weight 12,050 g, pancreas removed March 24, 1938. 
Normal Dog—March 23, 1938 Diabetic Dog—March 25, 1938 
Time Blood Sugar Time Blood Sugar 
9:00 A.M. 84 9:30 A.M. 425 
Os05mite? Insulin 50 units G35 wae, Insulin 50 units 
HOSSOL sie 93.5 1100 | 22 338 
12D 87 1:35 P.M. 322 
BERL hee 85 PiS((y oee 384 
Dog No. III. Y-loop, weight 5,950 g, pancreas removed March 29, 1938. 
Normal Dog—March 25, 1938 Diabetic Dog—March 30, 1938 
Time Blood Sugar Time Blood Sugar 
9:00 A.M. 72 8:40 A.M. 172 
905i he Insulin 50 units S245 a7 2 Insulin 50 units 
1O=5 OR ee 75 HORS OF pier ; 134 
12:00 noon 123 12:10 P.M. 159 
1:30 P.M. 131 igs tay; ou 210 
Dog No. III. U-loop, weight 10,300 g, pancreas removed March 30, 1938. 
Normal Dog—March 25, 1938 Diabetic Dog—April 1, 1938 
Time Blood Sugar Time Blood Sugar 
9:00 A.M. 65 9:25 A.M. 425 
9230) tie22 Insulin 50 units 92 30i 2 Insulin 50 units 
TORO) a 2 40 Labo tag : 235 
12:00 noon 62 1:00 P.M. 167 
1:30 P.M. 81 ARC AO teesali 202 
42302) 72 246 
Dog No. IV. Y-loop, weight 7,400 g, pancreas removed April 10, 1938. 
Normal Dog—April 8, 1938 Diabetic Dog—April 12, 1938 
Time Blood Sugar Time Blood Sugar 
9:50 A.M. 79 9:00 A.M. 230 
1000) 7? Insulin 50 units S307 Insulin 50 units 
a Un est 85.5 LOS30 ie 102 
1:00 P.M. 78 12:00 noon 97 


2:30”? 82 2:00 P.M. 169 
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repeated after they had become diabetic. In 37 experiments per- 
formed upon 14 dogs before and after pancreatectomy, we obtained 
definite evidence of the intestinal absorption of insulin in 35% of 14 
experiments upon normal dogs and in 92% of 23 experiments upon 
diabetic dogs. In all experiments the insulin pinacol tablets were in- 
serted into the intestinal loop and the dosage of insulin employed was 
50 units. The readings in Table I are typical of the results obtained. 
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Use of Phenol in Application of Prebluda-McCollum Reagent 
for Determining Vitamin B,. 


DANIEL MELNICK* AND HeENRy FIELD, Jr. (Introduced by L. 
H. Newburgh.) 


From the Department of Internal Medicine, University of Michigan, Ann Arbor, 
Mich. 


Recently Prebluda and McCollum* reported that Vitamin B, 
reacts in alkaline solution with diazotized p-amino acetophenone to 
yield a water-insoluble, purple-red compound. Subsequently, we 
found’ that xylene quantitatively extracts this pigment and that 
the xylene layer lends itself to colorimetric evaluation. This 
procedure, coupled with our adsorption and subsequent elution 
technics using synthetic zeolite,t appears highly specific for the de- 
termination of the vitamin. 

Ten ce of a thiamin hydrochloride solution at a pH of 7.0 are 
pipetted into a 50 cc centrifuge bottle. This is followed by the addi- 
tion of 20 cc of the Prebluda-McCollum reagent. After 24 hours 
at room temperature 2 cc of xylene are added and the mixture 
shaken vigorously for 114 minutes. After centrifugation the color 
in the xylene layer is compared in a micro-colorimeter with a stand- 
ard similarly treated. Subsequently, in studies involving the use 
of phenol for extracting the vitamin from saturated salt solutions, 
recoveries greater than 100% were consistently obtained due to the 
presence of trace quantities of phenol in the final concentrates, which 

* Upjohn Fellow in Clinical Research, 1937-1938. 

1 Prebluda, H. J., and MeCollum, E. V., Science, 1936, 84, 488; J. Biol. Chem., 
1938, in press. 

2 Melnich, D., and Field, H., Jr., J. Biol. Chem., 1938, Proe., lxxxiii. 

t ‘‘Deecalso,’’ kindly furnished by the Permutit Company, New York, N. Y. 
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escaped ether extraction. Other organic hydroxy compounds, such 
as ethyl alcohol and pH indicators, also increase the sensitivity of 
the reaction. 

In order to investigate the behavior of phenol in this respect, a 
series of determinations were made in which varying amounts of 
phenol were added to the vitamin solutions, each 10 cc in volume 
and containing a total of 100 gamma of thiamin hydrochloride. No 
phenol was added to the standard solution. Although phenol, like 
some other organic compounds, reacts with the reagent to yield a 
colored solution, only the red pigment due to the coupled vitamin 
has been found to be extracted by the organic solvent. The results 
of these determinations are presented in Fig. 1. 


FPS 


P enol dded % iJami 


100 1a5 


The use of phenol to increase Peseanea of the reaction for the chemical 
determination of thiamin (vitamin B,). A total of 100 gamma of thiamin 
hydrochloride was used in each test. 

It is apparent from the curve in Fig. 1 that small quantities of 
phenol increase greatly the sensitivity of the reaction but with larger 
amounts of phenol the intensity of the color in the xylene layer be- 
comes relatively constant. Thus small amounts of phenol, which 
may be present in the final solutions, have a negligible effect on the 
reaction when 50 mg of phenol have been added. In the presence 
of very large amounts of phenol (300 mg or more) the reaction 
fails unless larger quantities of the Prebluda-McCollum reagent 
are used. 
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With the addition of the 50 mg quantity of phenol accurate de- 
terminations were obtained on solutions ranging from 0.4 to 5 times 
the standard, in this case also the 10 gamma per cc solution of thia- 
min hydrochloride. For amounts more than 2 times the standard, 
greater quantities of xylene were used in order to yield solutions the 
color intensities of which were comparable to the standard. With- 
out the phenol it had previously been necessary to employ a stand- 
ard more closely approximating the test solution in concentration, 
and in some cases a previously determined reference curve had to be 
used in order to obtain the true values. 

In these estimations of the thiamin concentrations in the presence 
of phenol, there was such an increase in the sensitivity of the reac- 
tion that the xylene layer was intensely pigmented. Accordingly, a 
micro-method was devised, using three-tenths quantities of vitamin 
solution, phenol and reagent, but the same volume of xylene to 
extract the reaction product. By this procedure it is possible to 
determine accurately the vitamin concentration in solutions con- 
taining as little as 10 gamma total of thiamin hydrochloride. 

In addition to increasing the sensitivity of the chemical method 
for estimating the Vitamin B, concentration, the addition of phenol 
to the vitamin solution eliminates errors in apparent recoveries 
which are otherwise produced by varying the volume of the vita- 
min solution or the amount of the chemical reagent, allows the use of 
one standard solution despite very wide differences in the concentra- 
tions of the vitamin, exerts an appreciable protective action on the 
vitamin in solutions at a pH just alkaline to litmus, and finally elim- 
inates the effects of trace substances which are capable of increasing 
the sensitivity of the reaction and which may be present in the final 
concentrate. 

In the present paper all tests described were conducted on pure 
aqueous solutions of thiamin hydrochloride.t This reaction can not 
be applied in its present form to biological materials unless quanti- 
tative procedures for the preparation of suitable concentrates are 
first devised. This phase of the problem is being studied. 


t We are indebted to the Upjohn Company, Kalamazoo, Mich., for furnishing 
us with a generous supply of crystalline vitamin B, hydrochloride. 
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A Method of Testing Guinea Pigs for Hypersensitiveness to 
Rhus toxicodendron.* 


J. L. Jacozps anp M. L. WeEtcKeEr. (Introduced by David Rapport.) 


From the Department of Pathology and Bacteriology, Tufts College Medical 
School, Boston, Mass. 


Sensitization of guinea pigs to Rhus toxicodendron was reported 
by Rackemann and Simon,* and has been repeated by a number of 
workers.” For testing it has been customary to apply an acetone 
solution of the substance to the skin and to note differences in 
speed of appearance and intensity of reactions in treated animals 
and controls. While treated animals react more strongly to these 
extracts than untreated, the latter also give reactions which develop 
within 48 hours and make it difficult to interpret results. Recently, 
hypersensitiveness in guinea pigs was again studied by Ginsberg, 
Becker, and Becker? who, attempting to overcome this difficulty, 
applied several dilutions of acetone extract in the tests. Straus,* 
on the other hand, deeming the guinea pig unsatisfactory, used the 
Rhesus monkey which shows less irritation of normal skin; this 
finding has been utilized by Straus and Coca’ in further experiments. 

It seemed desirable to obtain a method of testing guinea pigs that 
would bring out more clearly differences between sensitized animals 
and controls. An experiment typical of results obtained is given 
below. 

Six guinea pigs were sensitized, after clipping the hair with an 
electric clipper, by applying 5 drops of a 2% acetone solution of 
poison-ivy extractt on the back, spread with a glass rod. Ten days 
later the animals were tested on an untreated, clipped site (Table I) 


* This investigation was aided by a grant from the Charlton Research Fund 
of the Tufts College Medical School. 

1 Rackemann, F. M., and Simon, F. A., Science, 1934, 79, 344. 

2 Simon, F. A., Bilton, M. G., Bearanenn F, M., and Dienes, L., J. Immumnol., 
1934, 27, 113; Kobayaaa, pvc ce J. Dermat. and Groae, 1935, 37, 92; Simon, 
F, A., J. Immunol., 1936, 30, 275; Landsteiner, K., and Jacobs, J., J. Hxup. Med., 
1936, 64, 249; Kile, R. L., and Pepple, A. W., J. Investigative Dermatol., 1938, 
1, 59. 

3 Ginsberg, J. H., Becker, F. T., and Becker, 8S. W., Arch. Derm. and Syph., 
1937, 36, 1165. 

4 Straus, H. W., J. Immunol., 1937, 32, 241. 

5 Straus, H. W., and Coca, A. F., J. Immunol., 1937, 33, 215 

t Courtesy of Dr. Arthur Coca, Lederle Laboratories. 
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by applying gently with a glass rod 2 drops of a 2% solution of 
poison-ivy extract in acetone. This was washed off in 5 hours with 
an aqueous solution of potassium permanganate (2.5%) containing 
1 cc of N/1 sodium hydroxide per 100 cc. The site was then 
washed with water and dried with cotton, and readings were made 
the next day not less than one hour after application of a depila- 
tory. A preliminary test before the sensitizing treatment was nega- 
tive in all animals, and an incidental test 2 days after the sensitizing 
treatment showed that none of the animals had acquired hypersensi- 
tiveness at this stage, as would be expected. 


TABLE I. 
Sensitization to Acetone Extracts of Rhus towicodendron. 


Tested with 2 drops 2% acetone 
extr. Oct. 16; read the follow- 


Treatment Oct. 6 Guinea pig No. ing day 
1 pink, elevated 
2 faintly pink 
3 pale »? , slightly elevated 
5 drops 2% acetone extr. 4 faintly ’’ a ae 
5 pale ”? , elevated 
6 faintly ’’ , slightly elevated 
7 negative 
None 8 ” 
9 mee) 


The table shows that guinea pigs sensitized and tested as described 
have definitely positive cutaneous reactions, whereas normal un- 
treated animals tested simultaneously are negative. Controls, when 
this method is used, will not show a reaction at any time. If the 
toxic principle is not destroyed, irritation almost invariably de- 
velops within 48 hours after application of the 2% extract. 

With this technic there appears to be no difficulty in carrying 
out sensitization experiments with Rhus toxicodendron in guinea 
pigs. The strength of the solutions and the time interval used may 
be varied considerably. 

Preliminary experiments suggest that the principle utilized— 
namely, the application of a strong solution of the test substance for 
a short time, at the end of which the substance is destroyed or 
washed off, might serve to improve other tests for hypersensitive- 
ness. 
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Blood Sugar and Chloride Changes in Adrenalectomized Rats 
During Adaptation to Various Stimuli. 


HAwns SELYE. 


From the Department of Anatomy, Histology and Embryology, McGill University, 
Montreal, Canada. 


Previous experiments have shown that if rats are continuously 
exposed to a uniform damaging stimulus (a drug, exposure to cold, 
excessive muscular exercise, etc.) they first display the symptoms 
of the alarm reaction,** then they become resistant to this stimulus, 
but finally their acquired resistance is lost again. Since this reac- 
tion and all its accompanying symptoms are almost identical in 
every case, and relatively independent of the specific nature of the 
agent to which adaptation occurs, it has been regarded as the somatic 
expression of adaptation as such, irrespective of the type of adap- 
tation which is acquired. The 3 stages of this “general adaptation 
syndrome” have been termed: 1. The acute stage, or stage of the 
alarm reaction. 2. The stage of resistance. 3. The stage of 
exhaustion.** As a working hypothesis, it has been assumed that 
every organism possesses a certain limited amount of adaptability 
or “adaptation energy.’’ During the alarm reaction, this would be 
mobilized in some way and during the stage of resistance, it would 
be specifically directed against the damaging agent to which the 
organism is exposed. The final stage of exhaustion could then be 
regarded as due to the depletion of the available adaptation energy. 

It has been found that during the alarm reaction, the blood sugar 
decreases, following a transitory rise, so that marked hypoglycemia 
ensues. During the resistant stage, the blood sugar increases above 
normal, while during the stage of exhaustion, a second period of 
hypoglycemia ensues. The total blood chlorides decrease during’ 


1 Harlow, C. M., and Selye, H., Proc. Soo. Exp. Bron. AND MEp., 1937, 36, 141. 

2 Selye, Hans, Brit. J. Exp. Path., 1936, 17, 234. 

3 Selye, H., Harlow, C. M., and Collip, J. B., Endokrinologie, 1936, 18, 81. 

4 Selye, Hans, Lancet, 1936, 1210. 

5 Schacher, Josephine, Browne, J. 8S. L., and Selye, H., Proc. Soc. Exp. Biot. 
AND MED., 1937, 36, 488. 

6 Selye, Hans, Endocrinology, 1937, 21, 169. 

7 Selye, Hans, Natwre, 1938, 141, 926. 

8 Selye, Hans, Nature, 1936, 188, 32. 
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the alarm reaction, rise above normal in the resistant stage and 
tend to decrease again during the stage of exhaustion. *° 

Since the adrenal glands show marked signs of increased activity 
during the alarm reaction and the stage of exhaustion, but not 
during the stage of resistance, and since the hypoglycemia and hy- 
pochloremia characteristic of the first and third stage of the adap- 
tation syndrome are typical of adrenal insufficiency, it was felt that 
a condition of relative adrenal insufficiency exists during these two 
stages. It seemed of interest, therefore, to study the blood chemical 
changes during the adaptation syndrome in adrenalectomized ani- 
mals, 

Female hooded rats weighing between 125 and 140 g were used. 
Accessory adrenals are extremely rare in our colony and adrenal- 
ectomy is almost invariably fatal within a few weeks. The animals 
were fed a uniform purina diet and given tap water without the 
addition of NaCl throughout the experiment but food was with- 
drawn 24 hours before the determination. In every case, the ani- 
mals were given a rest of 24 hours following adrenalectomy as it 
was found that the blood sugar reaches a constant level at this time 
and stays constant until insufficiency symptoms appear. Treatment 
was begun in all our experiments 24 hours after the operation, so 
that the first day of the experiment (day 1 on the graphs) corre- 
sponds to the second day after adrenalectomy. Graph I shows the 
average blood sugar (continuous line) and blood chloride (dotted 
line) values in 3 groups of rats, each consisting of 6 animals. The 
initial point corresponds to the beginning of treatment in the subse- 
quent series, that is, it represents the values 24 hours after the 
operation. The second point is a control corresponding to the exper- 
imental animals on the second day and the last point on the fifth 
day of treatment. Since the average blood sugar (Shaffer, Hart- 
mann and Somogyi method) was 64 in the first, 66 in the second 
and 65 mg/100 cc in the third group, it is obvious that no signifi- 
cant change occurs in untreated adrenalectomized rats between the 
first and the sixth day after the operation. The blood chlorides 
(Van Slyke method), on the other hand, showed a slight linear 
decrease from 401 to 384 mg %. Whole blood chlorides were 
determined in preference to plasma chlorides as signs of intravital 
hemolysis have occasionally been observed during the adaptation 
syndrome. The possible objection that whole blood chlorides are 
entirely dependent on the red cell volume can be refuted, since we 


9 Selye, Hans, Congress of Am. Physiol. Soc., Baltimore, March, 1938. 
10 Selye, Hans, J. Gen. Physiol., 1938, in press. 
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found that although high hematocrit values are usually observed in 


animals in which the blood chlorides are low, there is no close corre- 
lation between these two values. 


1. 
CONTROLS cae 


(SM I, Aaah) 


Il. 
FORMALDEHYDE 


SAYS: | 2 3 4 5 Gi lBws | 2 3 4 5 Si 


Our results are summarized in Graphs IJ, III, and IV. In order 
to avoid complicating our experiments with repeated fasting and 
bleeding, each rat was used for one determination only. The ani- 
mals were bled in groups of 6 at 1, 12, and 24 hours and 2, 3, and 
5 days respectively in each experiment. Each point on the graphs 
represents the average of 6 individual determinations on 6 rats. In 
the case of the first experiment (Graph II), the animals were adapted 
to muscular exercise, inasmuch as they were forced to run 3 times 
daily for a period of 15 minutes in revolving cages, having a diame- 
ter of 12 inches and turning at a speed of 15 revolutions per minute. 
In the second series, the animals were given 3 daily subcutaneous 
injections of 0.1 cc of a 2% formaldehyde solution, and in the 
third series they were exposed 3 times daily to a temperature of 
+1°C for one hour each time. 

As can be seen from the graphs, the blood sugar and blood chlo- 
ride curves run approximately parallel in all these experiments, 
reaching a first minimum level after 12 hours’ treatment, a maxi- 
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mum after 48 hours, and a second minimum on the fifth day. It 
should also be mentioned that the appearance of the animals ran 
closely parallel with these blood chemical findings, inasmuch as the 
general condition was particularly bad during the first day, almost 
normal, in spite of continued treatment, on the second and third day, 
while on the fifth day, they appeared even more seriously damaged 
than on the first day. 

Although no accurate blood volume determinations were made, it 
became obvious from the amount of blood obtained by cutting the 
carotid that the blood volume likewise parallels the blood sugar and 
chloride values and so does the volume of the spleen. 

Both the experiments described in the literature and the present 
findings, we feel, are in agreement with the conception™’ ” that the 
adrenals play an important role in the process of adaptation. A\l- 
though adaptation is possible in the complete absence of adrenal 
tissue, it cannot be maintained for a prolonged period, that is to 
say, the stage of resistance of the general adaptation syndrome is 
particularly short. The simplest explanation of these phenomena 
would be that the organism uses so much of its “adaptation energy” 
for adaptation to life without the adrenals that little is left for re- 
sistance against damaging agents. As a result of this, the appear- 
ance of the signs of the alarm reaction and the stage of exhaustion 
(decrease in blood sugar, blood chlorides, blood volume, thermo- 
regulating ability, muscular efficiency, general resistance, etc.), all 
of which are also known as characteristic signs of adrenal depriva- 
tion, may readily be accelerated in adrenalectomized rats by exposure 
to damaging agents. 

Recently an increase in blood potassium has frequently been re- 
garded as the primary change in adrenal insufficiency. Kendall and 
Ingle** showed, however, that while not pretreated adrenalectomized 
animals are extremely sensitive to potassium, they can acquire an 
adaptation to it if they are pretreated with gradually increasing 
doses. In this case, they will withstand large amounts of potassium 
although their blood potassium rises to a very high level. It is evident 
from these findings that the mere presence of large amounts of po- 
tassium in the blood cannot in itself be the cause of the adrenal 
insufficiency symptoms, but potassium intoxication, like any other 
condition of stress, is not tolerated well by adrenalectomized animals 
unless they have previously been adapted to it. 

11 Selye, Hans, Science, 1937, 85, 247. 

12 Selye, Hans, Arch. Internat. de Pharm.-dynamie et de Thér., 1937, 55, 431. 

13 Kendall, E. C., and Ingle, D. J., Science, 1937, 86, 18. 
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Summary and Conclusions. Experiments in the rat show that 
continuous exposure to non-specific damaging agents elicits a charac- 
teristic 3-stage general adaptation syndrome which is of considerably 
shorter duration in the adrenalectomized animal than in the normal. 
During the first stage, the blood chlorides and blood sugar are de- 
creased ; during the second stage, both these values return to normal 
in spite of continued treatment and the general condition of the ani- 
mals is considerably improved. During the final third stage of 
exhaustion, hypoglycemia and hypochloremia reappear and general 
resistance decreases again. These experiments are in agreement 
with the conception that the primary cause of the adrenal insuffi- 
ciency syndrome is a disturbance in the mechanism of adaptation 
and more particularly a decrease in the ability to maintain adapta- 
tion once it is acquired. The decrease in blood sugar, blood chlo- 
rides, blood volume, thermoregulating ability, muscular efficiency, 
etc., as well as the increase in blood potassium, are probably all 
simply the consequences of this primary disability. 
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In vitro and In vivo Effect of Sulfanilamide on Brucella abortus 
and Brucella suis. 


Ben D. Cuinn. (Introduced by S. A. Koser.) 


From the Department of Bacteriology, Medical College of the State of South 
Carolina, Charleston. 


In vitro Experiments. Various concentrations of para-amino- 
benzene sulfonamide* were added to dextrose broth, veal-infusion 
broth, and 10% serum-veal-infusion broth. The effect of the chem- 
ical on the growth-rates of Br. abortus and Br. suis was relatively 
the same regardless of the medium used. 

The strains used had been under artificial cultivation for over 2 
years but were still pathogenic for guinea pigs. The cultures grew 
quite well on veal-infusion agar and in the various liquid media 
mentioned above after incubation for 48 hours at 37°C under ordi- 
nary atmospheric conditions. 

One-tenth cubic centimeter of a 1:100 dilution of a 48-hour broth 
culture was seeded into flasks containing 100 cc of broth; sterile 


* The para-aminobenzene sulfonamide (prontylin) was kindly supplied by the 
Winthrop Chemical Co., New York. 
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1% solution of p-aminobenzene sulfonamide was added to obtain 
concentrations of 1:1000, 1:10,000, 1:100,000, and 1:1,000,000. 
Control cultures did not contain any sulfanilamide. 

Plate counts were made before the sulfanilamide was added, 10 
minutes after its addition and after 24, 48, and 72 hours’ incubation 
at 37°C. The initial counts were between 1000 and 3000 organ- 
isms per cc. Within 10 minutes after the sulfanilamide was added 
a marked reduction in the number of viable cells was found in the 
1 :1,000, 1 :10,000, and 1 :100,000 dilutions. All the organisms were 
destroyed during this short period in the 1:1000 dilution, for no 
colonies appeared on plates subsequently made from both the Br. 
abortus and Br. suis cultures in this dilution. Most of the organ- 
isms were destroyed in the 1:10,000 dilution after 10 minutes’ ex- 
posure and those remaining were either killed or inhibited by the 
drug after further incubation. After 72 hours the counts were less 
than 10 organisms per cc. 

In the 1:100,000 dilution the bactericidal effect was less marked 
but there was a definite bacteriostatic effect throughout the incu- 
bationary period. The count after 72 hours was 35,000 per cc for 
Br. abortus. With the Br. suis strain there were 500 cc after 24 
hours and none after 72 hours. The 1:1,000,000 dilution was 
slightly bactericidal after 10 minutes and definitely bacteriostatic 
thereafter. There were 1,200,000 organisms per cc in the Br. abor- 
tus culture and 2,500,000 in the Br. swis culture after 72 hours. 
The control cultures contained 3,000,000 and 45,000,000 organisms 
per cc for Br. abortus and Br. suis respectively after 72 hours. 

These experiments demonstrate the bactericidal and bacteriostatic 
effect of p-aminobenzene sulfonamide on Br. abortus and Br. suis 
in vitro. Similar results have more recently been obtained with 
Br. melitensis. 

In vivo Experiments. Br. abortus and Br. suis infections in guinea 
pigs generally produce a chronic type of disease if small doses are 
inoculated. In 4 to 6 weeks the most characteristic pathological 
change is an enlarged, nodular spleen and a nodular liver but lesions 
may also be found in the testicles, kidneys, and other organs. The 
invading bacteria can usually be isolated from these tissues. 

In order to determine the protective effect of p-aminobenzene sul- 
fonamide in experimental infections, 6 guinea pigs were inoculated 
intraabdominally with a culture of Br. abortus and 6 with Br. suis. 
One-half cc of an agar-slant culture suspended in 5 cc of saline was 
injected into each animal. 

Three animals in each group were given a single oral dose of 
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100 mg of sulfanilamide daily. Treatment was started 2 hours after 
inoculation. The other 3 guinea pigs, used as controls, were not 
treated. After 30 days the 12 animals were killed, the gross 
lesions noted and cultures made from livers and spleens. 

The spleens of the untreated guinea pigs were, in most cases, large 
and nodular. The spleens of the 6 treated animals appeared normal 
on gross examination and their average weight was 0.87 g. The 
average weight of 5 normal guinea pigs’ spleens was 0.98 g. The 
average weight of the spleens from the 6 untreated guinea pigs 
was 1.54 9. During the 30-day period the loss of weight of the un- 
treated animals was somewhat greater than that of the treated 
animals. Cultures from the spleen and liver of the treated guinea 
pigs were negative while cultures of Brucella were obtained from 
all of the untreated animals. 

From these results it is apparent that the oral treatment of Bru- 
cella infections in guinea pigs with p-aminobenzene sulfonamide is 
effective in preventing a generalized infection when treatment is 
begun immediately after infection. It appears from these experi- 
ments that most or all of the organisms are destroyed before any 
extensive invasion can take place or that the sulfanilamide inhibits 
the multiplication of the organisms in the tissues. 

The therapeutic effect of p-aminobenzene sulfonamide in Brucella- 
infected guinea pigs is under investigation. 
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Effect of Sodium Citrate and Sodium Bicarbonate on Ethyl 
Alcohol Acidosis. 


Byron B. CLARK AND Ropert W. Morrissey. (Introduced by 
H. E. Himwich.) 


From the Department of Physiology and Pharmacology, Albany Medical College, 
Albany, New York. 


It has been shown by Himwich, et al.,* that an acidosis follows 
the ingestion of large quantities of ethyl alcohol. This paper re- 
ports the action of sodium citrate and sodium bicarbonate on the 
changes in alkaline reserve and blood lactic acid resulting from large 
doses of ethyl alcohol in dogs. 


1 Himwich, H. E., Nahum, L. H., Rakieten, N., Fazekas, J. F., DuBois, D., and 
Gildes, E. F., J. Am. Med. Assn., 1933, 100, 651. 
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The dogs were given orally 5 g per kg of ethyl alcohol diluted to 
20% with water. In 12 control experiments, determinations of 
alcohol,” carbon dioxide combining capacity,® and lactic acid* were 
carried out on arterial blood before and at 2-hour intervals for 10 
to 16 hours, and in 4 experiments at the end of 24 hours after the 
alcohol administration. Similar blood analysis on the dogs to re- 
ceive the alkalizing salts were carried out for 6-10 hours after the 
alcohol administration, at which time sodium citrate or sodium 
bicarbonate was given. The observations were then continued for 
the subsequent 4 to 8 hours, and at the end of 24 hours. In 5 ex- 
periments, sodium citrate was given orally in a dosage of 0.15 g 
per kg, and in 2 experiments sodium bicarbonate 0.45 g per kg. 

A significant degree of acidosis was observed. It was noted that 
6-10 hours following the alcohol ingestion, the carbon dioxide 
capacity was decreased on the average by 4-5 volumes %, but re- 
turned to the original level after 24 hours. Blood lactic acid in- 
creased during the same time interval by an average of 8 mg % or 
approximately 50%; even after 24 hours it was still 3.5 mg % 
above the average starting value. The blood alcohol had decreased 
during this period from about 0.6% to approximately 0.1%. Alka- 
lizing salts strikingly reduced the elevated blood lactic acid. With- 
in 2-4 hours after sodium citrate was given, the lactic acid de- 
creased to or below its original value and so continued during the 
remainder of the experiment. The effect of sodium bicarbonate 
was more prompt and marked, the lactic acid decreasing within 4 
hours to 10 mg % below the average control level. After 24 hours 
it was still 8 mg % below the average control level for animals re- 
ceiving alcohol but no sodium bicarbonate. The blood alcohol was 
approximately 0.45% at the time the sodium bicarbonate was given. 
The reduced carbon dioxide capacity was elevated within 1 to 2 
hours by the sodium citrate and sodium bicarbonate to approxi- 
mately the original level or slightly above. (The effect of sodium 
citrate is summarized in Fig. 1) Sodium citrate and sodium bi- 
carbonate had no influence upon the rate of disappearance of ethyl 
alcohol from the blood. 

The effect of alkalizing salts in restoring the normal blood lactic 
acid is particularly significant. It seems probable that this may be 
accomplished by facilitating the conversion of lactic acid to glycogen 
by the liver. Since an alkalosis will itself cause a rise in blood 

2 Harger, R. N., J. Lab. and Clin. Med., 1935, 20, 746. 


3 Van Slyke, D. D., and Neill, J. M., J. Biol. Chem., 1924, 61, 523. 
4 Friedmann, T. E., Cotonio, M., Shaffer, P. A., J. Biol. Chem., 1927, 78, 335. 
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Effect of Sodium Citrate on Alcohol Acidosis. 

Changes in blood lactic acid and plasma COg capacity are plotted on semi- 
logarithmic paper. 

—— Effect of alcohol 5 g per kg. Average of 12 experiments for 6-10 

hr and 4 experiments at 24 hr. 

------- Effect of sodium citrate 0.15 g per kg on the alcohol acidosis. 

Average of 5 experiments. 
lactic acid,’ only minimal amounts of alkali were given. ‘The alka- 
line reserve was promptly increased. After prolonged alcoholic 
intoxication with some depletion of body base, this would be even 
more important. Thus the administration of sodium citrate or 
sodium bicarbonate in the treatment of the acidosis following large 
amounts of alcohol is a rational procedure. 

Summary. Alcohol given in doses of 5 g per kg to dogs resulted 
in a decrease in carbon dioxide-combining capacity, and a prolonged 
elevation of blood lactic acid. Sodium citrate or sodium bicarbonate 
in the dosages used restored the alkaline reserve to approximately 
the normal level, and lowered the blood lactic acid below its initial 
value even in the presence of a moderately high blood alcohol con- 
centration. Sodium citrate and sodium bicarbonate had no effect 


upon the rate of disappearance of alcohol from the blood. 


5 Macleod, J. J. R., and Knapp, H. J., Am. J. Physiol., 1918, 47, 189; Anrep, 
G. V., and Cannan, R. K., J. Physiol., 1923-24, 58, 244. 
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Maintenance of Spermatogenesis in Hypophysectomized Mice 
with Androgenic Substances.* 


W. O. NELSON AND C. E. MERCKEL. 
From the Department of Anatomy, Wayne University College of Medicine. 


It was shown by Walsh, Cuyler and McCullagh* and confirmed 
by Nelson and Gallagher that spermatogenesis could be maintained 
in hypophysectomized rats by the administration of male hormone 
extracts. These studies were extended by Nelson and Merckel® and 
Nelson* through the use of various crystalline androgens. Since 
these studies had been confined to rats it was of interest to extend 
them to other species. This report deals with results obtained upon 
mice. Studies upon guinea pigs are in progress. 

Adult male mice were hypophysectomized by the parapharyngeal 
approach. The effect of hypophysectomy upon the reproductive 
organs in the mouse have been described by Leblond and Nelson.° 
Injections of androgenic hormonet were begun on the second day 
after hypophysectomy and continued for 20 days. The animals re- 
‘ceived the routine colony ration with the addition of sugar in their 
drinking water In the averages only those animals are included 
that survived through the experimental period and in which hypo- 
physectomy was shown to have been complete by serial section of 
their selle turcice. At the time of autopsy the testes, seminal 
vesicles, prostate, and adrenals were weighed. These and the epi- 
didymis, Cowper’s glands. vas deferens and thyroid were fixed for 
histological study. Smears of the epididymal head and tail as well 
as of the vas deferens were studied for the presence and motility of 
sperm. 

Table I includes the data of studies thus far completed and is 
given in the form of averages. In the table a group of 5 animals 


* Aided by a grant from the Committee on Scientific Research of the American 
Medical Association. 

1 Walsh, E. L., Cuyler, W. K., and McCullagh, D. R., Am. J. Physiol., 1934, 
107, 508. 

2 Nelson, W. O., and Gallagher, T. F., Science, 1936, 84, 230. 

3 Nelson, W. O., and Merckel, C. G., Proc. Soc. Exp. Bron. anp Mep., 1937, 
36, 825. 

4 Nelson, W. O., Cold Spring Harbor Symposia on Quantitative Biology, 1937, 
5, 123. 

5 Leblond, C. P., and Nelson, W. O., Compt. rend. Soc. biol., 1937, 124, 9. 

+ Generously supplied by Dr. Erwin Schwenk of the Schering Corporation. 
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are included in which small fragments of anterior lobe tissue were 
found. It will be noted that although the body weights of these 
animals were about the same at the close of the experiment as they 
had been at the beginning, thus indicating the presence of sufficient 
anterior lobe tissue to maintain body weight, this residual tissue did 
not enhance the effect of the treatment with androgenic substance. 
This is noteworthy since Gomez, et al.,° have indicated that small 
fragments of pituitary will entirely alter the effect of estrogenic 
substance in the mouse. We have been unable to detect any evi- 
dence of such enhancement in these studies. 

It is apparent from the table that the results on mice confirm 
those previously obtained with rats. Androstanedione proved to 
be the most effective of the androgens in maintaining spermato- 
genesis as well as testis weight, although it is much less active 
than testosterone or testosterone propionate in androgenic potency. 
Androstanediol was slightly less effective than androstanedione. 
The results have not been quite as striking, even with andro- 
stanedione, as in the rat, but the use of somewhat larger amounts 
of androgen may result in responses entirely comparable to those 
observed in the latter animal. 

The microscopic findings were similar to those previously re- 


Fie. 1 Fie. 2 Fig. 3 


Fic. 1. 
Testis of normal adult mouse. Note particularly the large interstitial celis. 
x 116. 


Fig. 2. 
Testis of hypophysectomized untreated mouse. Note the extensive damage to 
the seminiferous tubules and the shrunken interstitial cells. >< 116. 


Fie. 3. 

Testis of hypophysectomized mouse which had received 0.8 mg of androstane- 
dione daily. The tubular diameter is slightly decreased, but spermatogenesis is 
normal. The condition of the interstitial cells is not improved by the treatment. 
x 116. 


6 Gomez, E. T., Turner, C. W., Gardner, W. U., and Hill, R. T., Proc. Soo. 
Exp. Biot. AND MED., 1937, 36, 287. 
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ported for the rat. The testes of all animals injected with androgens 
showed spermatogenesis in progress, although the degree of tubular 
maintenance varied with the particular androgen. The latter was 
most marked in cases where androstanedione or androstane- 
diol had been used. Even here, as is true of the rat, occasional 
tubules that show degenerative changes are encountered. The strik- 
ing degeneration of the interstitial cells which follows hypophysec- 
tomy in the mouse is not prevented by treatment with androgens. 
Nor are the damaged adrenals and thyroid altered. As would be 
expected the male accessory organs present a normal or hypertro- 
phied histological picture in animals which had received treatment. 
Figures 1 to 3 represent typical areas in the testes of normal, hypo- 
physectomized-control, and hypophysectomized-treated animals. 

Summary. The injection of crystalline androgenic hormones 
will prevent the marked degenerative changes in the seminiferous 
tubules of hypophysectomized mice for at least 23 days. The most 
effective substance used has been androstanedione. The degenera- 
tive changes in the interstitial cells, adrenals and thyroid were not 
altered. 
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Toxicity of MnCl,.4H,O when Fed to Rats. 


J. ERNESTINE BECKER AND E. V. McCoLium. 


From the Biochemical Laboratory, School of Hygiene and Public Health, The 
Johns Hopkins University. - 


Findlay* claims that addition of manganese chloride to the “ordi- 
nary” diet of rats produces cirrhosis of the liver and death in from 
6 to 10 weeks. He fed 0.3 to 0.4 g manganese chloride per rat per 
day but failed anywhere to indicate the composition of the diet used. 
McCarrison’ fed rats 0.889 mg of MnO per day. He compared 
their weights with those of a similar group receiving no manganese 
other than that contributed by the salt mixture and the other con- 
stituents of the diet. He states, “There was no difference in the 
percentage weight curves of the 2 groups up to the 32nd day. There- 
after the curves diverged gradually and increasingly; that of the 
group receiving manganese being at the lower level.” The experi- 


1 Findlay, G. M., Brit. J. Exp. Path., 1924, 5, 92, 
2 McCarrison, R., Ind. J. Med. Res., 1926-27, 14, 641. 
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ment lasted 135 days. To another group of rats he fed MnCl, at a 
level of .0327 mg per rat per day. A control group received no 
MnCl. He states, “... from the outset the rate of growth of the 
group receiving 0.327 mg MnCl, daily per rat surpassed that of the 
control group.’ The experiment lasted 53 days. Unfortunately, 
the diets used in these 2 sets of experiments were not identical 
either in the source of the manganese, amounts of manganese, or 
sources of fat or vitamins. 

Orent and McCollum*® demonstrated the need of the rat for man- 
ganese for normal reproduction. On manganese-free diets females 
fail to suckle their young, and males show testicular degeneration 
after 100 days or less. The addition of .005 to .05% manganese in 
the form of MnCl,.4H.O promotes normal functioning of males and 
females. 

As a result of these observations further experiments were con- 
ducted where manganese was added to the basal ration at the fol- 
lowing levels of MnCl,.4H.O: 0.18%, 0.36%, 0.9%, 1.8%, 3.6%. 
Thus there was added to the diets .0499, .0998, .2495, .4990, and 
.9980 g of manganese respectively. The basal ration had the fol- 
lowing composition: 


% 
Yeast 10.0 
Casein 18.0 
Salts (No. 51) 6.1 
Dextrin 57.9 
Butterfat 8.0 
Viosterol 15 drops per kilo of ration 


Young animals weighing 40 to 50 g were taken from our stock diet 
and placed on the experimental rations. 

On all the diets except where MnCl..4H.O was fed at 3.6% the 
animals grew well and produced healthy young. On the latter diet 
there was some depression of growth but here, as at the lower levels 
of manganese feeding, reproduction was excellent. The experi- 
ments on the 4 lower levels of manganese were terminated after the 
animals had been on the diet 240 days. Only the group receiving 
3.6% MnCl,.4H.O was kept for longer observation. At this level 
marked rancidity of the fat developed. When the ration was kept 
on ice no such changes occurred. Hence this practice was followed. 
As mentioned above, there were no indications of toxicity on this 
diet other than slight depression of growth. After 730 days on 
the diet 2 males still show normal testes and motile sperm as de- 


3 Orent, E. R., and McCollum, E. V., J. Biol. Chem., 1931, 92, 651. 
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termined by examining epididymal smears obtained by aspiration. 
Each of these males has subsequently been bred to 4-month-old 
virgin females from our stock colony. One sired 40 young when 
mated with 8 females, the other 25 young when mated with 5 fe- 
males. Of 50 males on similar diets but without added manganese, 
other than that found as a contaminant of certain inorganic con- 
stituents and natural foods as shown by Orent and McCollum,* 
testicular atrophy and tubular degeneration was marked in 45 males 
after they had been on the rations from 117 to 833 days. 

On the type of diet employed, food consumption averages from 
10 to 15 g per adult rat per day. Animals on the above rations 
were thus consuming about .018, .036, .09, .18, and .36 g of 
MnCl..H,O per day, or .00449, .00998, .02495, .0499, and .0998 g 
of manganese. The rations used contained .63 g calcium and .72 g 
phosphorus per 100 g. Evidently the high level of phosphorus 
effectively prevented symptoms of toxicity by reducing the amount 
of absorbable manganese. 

It is thus apparent that the conditions in the intestines which in- 
fluence the absorbability of manganese constitute the controlling fac- 
tor in determining the level at which it is toxic. From our observa- 
tions on a small number of rats it also seems clear that when a high 
intake of this element is provided sexual function is retained in 
males decidedly longer than is the case in our rats on similar diets 
without added manganese. This observation is being checked on a 
larger group of male rats. 
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Excretion of Homogentisic Acid After Oral Administration of 
Phenylalanine to Alcaptonuric Subjects. 


EVANGELINE T. PAPAGEORGE,* Moses M. FROHLICH: AND HowArRpD 
B. Lewis. 


From the Departments of Biological Chemistry and Internal Medicine, University 
of Michigan, Ann Arbor. 


That the homogentisic acid excreted in alcaptonuria originates 
from the aromatic amino acids of the protein molecule, tyrosine 
and phenylalanine, has been accepted.* Further confirmation has 


* On leave of absence from the Medical School of Emory University. 
1 Compare Neubauer, O., Handbuch der normalen und pathologischen Physi- 
ologie, 1928, 5, 851, for an excellent review of the literature. 
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been obtained’ by the isolation and characterization of homogentisic 
acid from the urine of healthy white rats fed large amounts of 
phenylalanine. In most of the studies concerned with the fate of the 
naturally occurring aromatic amino acids in alcaptonuria, tyrosine 
has been administered, while experiments with phenylalanine are 
very limited in number.* Since we had available for study 2 al- 
captonuric patients in the University Hospital, we have undertaken 
further quantitative studies of the effect of phenylalanine on the 
excretion of homogentisic acid in alcaptonuria. 

Two patients of middle age, brothers, served as subjects. The 
older was admitted to the hospital because of a fractured leg and 
the alcaptonuria was discovered in the course of routine examina- 
tion of the urine. In neither case did the patient seek medical advice 
because of the aleaptonuria. Homogentisic acid was determined by 

TABLE I. 
Effect of Oral Administration of Il(—)-Phenylalanine on Urinary Excretion of 
Homogentisie Acid in Aleaptonuria, 

Values are expressed as grams excreted per day. Figures in parentheses rep- 

resent the range of values observed. Patient O.T. served as the subject in series 


A and B and patient R.T. in series C. The diet of series A and C was the stand- 
ard hospital diet; that of B, an exclusive milk diet, except as noted. 


Homogentisic 
Day acid, g Nitrogen, g H:N x 100 Notes 
Series A. 
1-8 3.9 10.50 37 Control period 
(2.3-4.8) (6.90-13.59) (31-41) 

9 9.1 14.44 63 5 g phenylalanine* 
10 13.0 10.99 118 LO 22 Md ha 
uo 4.6 12.12 38 Control day 
12 4.8 12.70 38 oY ie 

Series B. 
1-6t tho 14.50 49 Control period 
(6.3-7.6) (14.26-14.66) (44-52) 

7 12.1 14.40 84 10 g phenylalaninet 

8 18.0 14.10 128 TS Mez Ze t 

9 9.0 11.24 80 Control day 
10 7.2 14.40 50 a oe 

11-15 5.1 12.40 40 ‘oe period§ 
(4.4-5.8) (11.41-13.40) (36-42) (hospital diet) 
Series C, 
1-7 3.90 8.90 44 Control period 
(2.8-4.9) (7.02-10.97) (43-45) 

8 10.3 9.10 113 10 g phenylalaninet 

9 7.70 8.19 94 LO? oa t 
10-13 3.10 7.60 40 Control period 
(2.3-4.1) (5.23-9.60) (39-43) 


*The phenylalanine was given in 2 portions, one at 7 and one at 12. 
tThe analyses were carried out on the last 3 days of the control period. 
tThe phenylalanine was administered in a single dose at breakfast. 
§Regular hospital diet. 


2 Papageorge, E. T., and Lewis, H. B., J. Biol. Chem., 1938, 123, 211. 
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the method of Briggs.* The patients received the regular hospital 
diet without restriction and in one series, a diet of 3 liters of milk 
daily was fed (Series B). The /(—)-phenylalanine was adminis- 
tered as indicated in Table I. 

It will be observed that with both patients, the ratio of homo- 
gentisic acid to nitrogen (H:N), when the usual hospital diet was 
fed, ranged from 31 to 42 (Subject O.T.) and 39 to 45 (Subject 
R.T.), values similar to previously reported values.» * When, 
however, the protein of the diet was derived solely from milk (Series 
B), the H:N ratio was higher, 44-52. This may be assumed to 
be due to percentages of the aromatic amino acids in the proteins of 
milk® higher than those in the proteins present in the usual mixed 
diet. 

In Series A, 2 doses of 2.5 g each of phenylalanine were fed at 
7:30 A. M. and at 12 noon respectively. Two doses of 7.5 g each 
were similarly ingested on the second experimental day. The con- 
version to homogentisic acid, as evidenced by its excretion, was 
practically complete on the day when the smaller doses were fed, 
but the extra homogentisic acid excreted on the second day, when 
15 g of phenylalanine were fed, corresponded to approximately 
60% of the phenylalanine. When the same subject was ingesting a 
milk diet, the administration of 25 g of the amino acid over a period 
of 2 days (Series B) resulted in extra urinary homogentisic acid, 
corresponding to about 70% of the theoretical value. Similar re- 
sults were obtained with patient R.T. This agrees with the observa- 
tion of Mittelbach® that the conversion of the aromatic amino 
acids to homogentisic acid is more complete when small amounts 
are fed at short intervals. 

It should be noted that the excretion of homogentisic acid de- 
rived from the ingested aromatic amino acid was rapid and was, 
with one exception (Series B, day 9), not prolonged beyond the 
experimental day. The prompt excretion after the administration 
of the phenylalanine is also shown in the elimination of homogen- 
tisic acid over shorter periods of time on the experimental days. 
Thus, in Series C, day 8, the H:N ratios were 212, 160, and 58 
respectively for the urines collected over 6-, 6-, and 12-hour periods 
after administration of the phenylalanine. The very high ratio of 
212 in the first 6-hour period indicates that the excretion of extra 


3 Briggs, A. P., J. Biol. Chem., 1922, 51, 453. 

4 Garrod, A. E., Inborn Errors of Metabolism, Second Edition, 1923, 69. 
5 Plimmer, R. H. A., and Lowndes, J., Biochem. J., 1937, 31, 1751. 

6 Mittelbach, F., Deut. Arch. klin. Med., 1903, 78, 161. 
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homogentisic acid began promptly after the ingestion of phenylala- 
nine and the low ratio of 58 in the third period indicates that the 
extra excretion of the acid was nearly complete in the first 12 hours. 
Similar results were obtained in the other series during which the 
urine was collected over shorter periods of time than 24 hours. 

Summary. Oral administration of 10 to 15 g daily of /(-)- 
phenylalanine to two alcaptonuric brothers resulted in a notable 
increase in the excretion of homogentisic acid in the urine, corre- 
sponding to about 70% of the amount theoretically obtained by 
complete conversion of the phenylalanine fed to homogentisic acid. 
The excretion of the extra homogentisic acid began promptly and 
was nearly complete within 12 hours after the phenylalanine was 
fed. 
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A Mechanical Pump for the Drawing of Gas Samples. 


S. B. BARKER AND Epwarp SmytH. (Introduced by William H. 
Chambers. ) 


From the Department of Physiology, Cornell University Medical College, 
New York, N. Y. 


Because of the interest aroused by a device made in this laboratory 
for the automatic drawing of samples from flowing gas, a brief de- 
scription is being presented. The apparatus is in use here in con- 
junction with open-circuit respiratory metabolism determinations, 
the analyses for CO, and O, being performed on a Carpenter-Hal- 
dane analyzer,’ but it can obviously be of service in any situation 
when it is desired to draw a continuous sample of gas over a set 
period ‘of time. 

Benedict and Ritzman* have described a method of drawing gas 
samples by attaching a Lee pump® to gearing activated by electro- 
magnets controlled from the gas meter. The present apparatus 
uses a larger pump of similar construction but with the stopcock 
built into the cylinder head. The driving power is transmitted by 


1 Carpenter, T. M., in Abderhalden, E., Handbuch der biologischen Arbeits- 
methoden, Berlin and Vienna, 1933, Abt. IV, Teil 13, 593. 

2 Benedict, F. G., and Ritzman, E. G., Wissenschaft. Arch. f. Landwirtschaft, 
1931, Abt. B, 5, 1. 

3 Lee, R. C., J. Indus. Eng. Chem., Anal. Ed., 1933, 5, 354. 
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gears to the threaded shaft from an electric motor which runs the 
blower. The sampler has the following qualifications : 

Continuous drawing of a predetermined volume is obtained over a 
set length of time, not dependent upon the rate of gas flow. Since a 
single electric motor drives both the blower and the sampler through 
separate gearing, variations in gas flow due to fluctuations in elec- 
tric current will automatically be compensated for in the aliquot 
drawn. The separate gearing allows the operator to vary the col- 
lection time of samples and the velocity of air passage independently 
of each other but insures a constant aliquot at all times. 

Careful construction renders the sampler sufficiently gas tight so 
that a sample can be left in the apparatus (with the stopcock 
closed) for more than 12 hours with perfect safety. 

Accurate estimation of the volume of samples can be obtained 
directly from the length of exposed pump shaft. 

In all, a rugged system has been evolved, capable of functioning 
continuously over long periods of time without requiring constant 
adjustment and attention. 

The original apparatus, built by Mr. James Evenden, has been 
giving satisfactory service for over 3 years;* several modifications 
suggested by experience with this have been incorporated in a newer 
design. This improved sampler, constructed by Mr. Smyth and 
Mr. R. E. Phipps, is diagrammed in Fig. 1, first in a horizontal 
cross-section through the middle and, below, in a rear view. 


4 Barker, S. B., Chambers, W. H., and Dann, M., J. Biol. Chem., 1937, 118, 177. 
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The apparatus is essentially a hollow metal cylinder (1), into 
which gas is drawn through a small hole in a ground-in metal stop- 
cock (2) by a mechanically operated plunger (3). In order to in- 
sure a tight fit for the plunger, the edges are sealed by 2 circular 
leather washers (4), triangular in cross-section, which together 
form a V-shaped wedge. It is absolutely necessary, as stressed by 
Lee,’ to remove all fat from the rings and to relubricate with 
petroleum oil only, in order to avoid changes in the composition of 
the sample. The leather wedge fits between the 2 beveled halves of 
the plunger head (3) and can be expanded by drawing the two 
halves together. In order to make this adjustment without remov- 
ing the plunger from the cylinder, the first plate is fastened to a 
solid shaft (5) which is inside the hollow shaft (6) connected with 
the other plate. By tightening a nut (7) on the threaded projecting 
end of the solid shaft, one squeezes the leather rings, producing a 
tighter fit. The apparatus should be tested for tightness on both 
reduced and increased pressure, especially the former, to rule out 
the possibility of sucking in gas from any place other than through 
the hole at the stopcock. 

The outside of the hollow shaft (6) is threaded to fit an inside 
thread on a brass collar (8) fastened to a wheel (9) with teeth on 
its outer circumference. A bakelite ratchet tooth (10) turns the 
collar, by which action the plunger is pulled out. Rotary movement 
of the plunger is prevented by a key-way which remains engaged 
all the time. In order to prevent the piston from being drawn back 
too far in the cylinder, the threads on the appropriate portion of 
the shaft are stripped. When this area comes into the ratchet- 
wheel drive mechanism, the pulling motion stops. This is merely 
an emergency provision and, since a certain amount of careful man- 
ipulation is required to replace the shaft on the threads, the gearing 
should be so arranged as to permit maximum gas collection only up 
to the stripped area in the desired length of period. 

The thrust motion of the arm (11) activating the ratchet can best 
be obtained by connecting the arm by a rod (12) to an eccentric 
driven by a motor. The length of collection period is determined 
by the number of teeth engaged in a single excursion of the ratchet. 
This is controlled by turning the guard (13) so that a certain num- 
ber of teeth on the notched wheel are exposed in a slot. During the 
rest of its arc the ratchet rides on the guard, which is held firmly 
by a pin (14) set into a guide (15). At the end of the period the 
operator turns the guard so that the ratchet is entirely disengaged, 
thereby stopping the collection of gas. The metal stopcock (2) is 
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turned to connect the sampler with a detachable gas storage pump, 
and the collected gas forced over by revolving the brass collar in the 
reverse direction to the one in which it was previously turning. For 
this purpose a long piece of hollow brass rod (16) with a crank 
(17) at the free end is slipped over the shaft, and two projections 
engaged in slots cut in the small portion of the collar (S$). A bronze 
plug (1S), pressed into the rear block (19), holds in place the ro- 
tating components of the gear-drive mechanism and also serves as a 
fulcrum against which the force of § and 9 can be exerted when the 
sample is being discharged. 

In order to insure a tight, permanent connection beswren the sam- 
pler and the flowing gas, the projecting tip (20) is set into a washer 
in a hole in the pipe carrying the flow, a clamp drawing the pipe 
and the sampler firmly together. The other tip (21) is for connec- 
tion through a short piece of heavy-walled rubber tubing to a de- 
tachable pump for storage and analysis. The detachable pumps 
have no gears, but have the same type of plunger and double shaft, 
which ends in a knob concealing the adjusting nut for the inner 
shaft. The capacity of these, as well as of the sampler, is about 
700 cc. Excessive weight is avoided by employing duralumin 
wherever possible, except in the case of moving parts, for which 
brass is used as a dissimilar metal. 
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The Excretion of Porphyrin in Pellagra. 


Konrap Dopriner, W. H. Strain Aanp S. A. Locatio. (Intro- 
duced by C. P. Rhoads.) 
From the Department of Medicine, University of Rochester School of Medicine 


and Dentistry, Rochester, N. Y., and the Hospital of the Rockefeller Institute for 
Medical Research, New York City. 


Beckh, Ellinger and Spies’ and Spies, Gross and Sasaki? have 
described an increased output of porphyrin in the urine in both 
endemic and alcoholic pellagra. A normal excretion of porphyrin 
was observed after the symptoms regressed following suitable treat- 


1 Beckh, W., Ellinger, P., and Spies, T. D., Quart. J. Med., New Series, 1937, 


6, 305. 
2 Spies, T. D., Gross, E. 8., and Sasaki, Y., Proc. Soc. Exp. Bron. AnD Mep., 


1938, 38, 178. 
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ment. In these experiments, isolated, small samples of urine were 
examined, determinations of the porphyrin content of the stools 
were not made, and the type of porphyrin excreted was not estab- 
lished. Hence it is not possible to conclude whether the porphyrin- 
uria is due to an increase in the total output of porphyrin, or rep- 
resents a normal total output with an increased proportion excreted 
by the liver through the urine. Furthermore, the lack of melting 
point determinations and quantitative studies makes it impossible 
to conclude whether the porphyria represents a simple increase of 
a normal process as shown by Dobriner and coworkers for orderly 
increased hematopoiesis, or a pathological metabolism of pigments 
marked by the excretion of coproporphyrin Type III.* * 

During a series of studies of the rate of excretion of porphyrin 
as influenced by the normal and pathological construction and de- 
struction of hemoglobin it has been possible to make detailed obser- 
vations in a case of pellagra. The role of the porphyrins in pellagra 
is of considerable importance, since the disease presents a certain 
similarity to porphyria in that both the conditions are characterized 
by a photosensitivity of the skin. Previous investigators, Massa’ 
and Bassi® have suggested that the dermatitis of pellagra, like that 
of porphyria, is consequent to an increased content of porphyrin in 
the tissues. 

Case Report. The patient, a 26-year-old colored woman, was 
admitted to the Strong Memorial Hospital, Rochester, New York, 
from May 11, 1936, to June 7, 1936, with a chief complaint of 
stomatitis, edema of the vulva, dermatitis, and diarrhea. Two 
months prior to admission the patient, a chronic alcohol addict who 
had been on a deficient diet for some time, noted mild stomatitis 
which became progessively worse. Shortly thereafter she developed 
dermatitis of the hands, feet, and elbows, and 2 weeks before ad- 
mission the vulva became edematous and was associated with a 
foul smelling vaginal discharge and severe diarrhea. 

Physical examination revealed typical symmetrical pellagrous 
dermatitis and stomatitis. The vulva and perineum were ulcerated 
and edematous. The remainder of the physical examination was 
irrelevant. The temperature was notmal. Free hydrochloric acid 
was present in the gastric juice. 


3 Dobriner, K., Strain, W. H., and Localio, S. A., Proc. Soc. Exp. Bion. AND 
Mep., 1937, 36, 752. 

4 Dobriner, K., Rhoads, C. P., and Hummel, L. E., J. Clin. Inv., 1938, 17, 125, 
and earlier papers. 

5 Massa, M., Riforma Medica, 1932, 48, 1669. 

6 Bassi, U., Clin. Med. Ital., 1934, 65, 241. 
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During the first 6 days of observation the patient was maintained 
on a fluid diet containing 2,000 calories daily, without clinical 
improvement. Following this control period, 75 g of a yeast ex- 
tract (Vegex) were administered daily by mouth and 10.0 cc of 
liver extract intramuscularly (Eli Lilly and Co.) for 10 consecu- 
tive days. Improvement was noted on the second day of treat- 
ment and progressed rapidly. On the 8th day the lesions were 
greatly improved and the stools formed. Liver extract was dis- 
continued on the 10th day and the Vegex was reduced to 50 g daily. 
During the 30 days of hospitalization the erythrocytes rose from 
3.5 to 4.07 million, the hemoglobin from 11.2 to 12.2 g, the mean 
corpuscular volume fell from 102 to 92, and the reticulocytes reached 
their peak of 4% on the 16th day. Three months later the patient 
returned with a slight recurrence which responded rapidly to 4 
injections of liver extract. 

The methods used for quantitative determinations of the daily 
total excretion of porphyrin were similar to those previously de- 
scribed.*»* The excretion rate of coproporphyrin is presented 
graphically in Fig. 1. During the 6-day control period the total 
coproporphyrin excretion averaged 897 mg per day; of this 254 
were excreted in the urine. In the first 9 days of therapy coinci- 
dently with clinical improvement the total excretion fell to an 
average of 458 mg per day, of which 157 mg were in the urine. In 
the 2 following 9- and 6-day periods of observation the average to- 
tal daily coproporphyrin excretion fell to 381 and 298 respectively. 
Besides the increased excretion of coproporphyrin, large amounts 
of protoporphyrin and deuteroporphyrin were found in the feces, 
a phenomenon which may have been consequent to bleeding into the 
intestinal canal. : 

The excreted coproporphyrin was a mixture of coproporphyrin I 
and coproporphyrin III’ but since only small amounts of the Type 
III were excreted, sufficient material was not available for its final 
identification. Crystals of coproporphyrin I ester -were obtained 
and were identified by their melting points (234°C). This mixed 
porphyrin excretion is similar to that reported for certain cases of 
porphyria, pigment cirrhosis of the liver, and lead poisoning and is 
different from that of pernicious anemia, hemolytic jaundice, and 
other diseases in which only increased coproporphyrin I and no co- 
proporphyrin III is produced and excreted.* % *+ 


7 Dobriner, K., J. Biol. Chem., 1937, 120, 115. 

8 Vigliani, E. C., and Libowitzky, H., Klin. Wehnschr., 1937, 16, 1243. 
9 Grotepass, W., Z. f. physiol. Chem., 1932, 205, 193. 

10 Watson, C. J., J. Clin. Inv., 1937, 16, 383, and earlier papers. 

11 Mertens, E., Klin. Wehnschr., 1937, 16, 61. 
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Fig. 1. 


The fact that a pathologic construction as well as an abnormally 
great excretion of porphyrin has been demonstrated in a single case 
of alcoholic pellagra should be interpreted with care. Unpublished 
observations of material, furnished by Dr. Sydenstricker, from other 
cases of pellagra, do not favor the view that increased porphyrinuria 
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is a constant feature of the disease. Furthermore, since porphyrin- 
uria may indicate simply an hepatic insufficiency similar to that 
causing urobilinuria, the factor of liver dysfunction in pellagra 
warrants further study. 

Summary. 1. Quantitative determinations of the excretion of 
porphyrin in a case of alcoholic pellagra are presented. 2. Both 
quantitatively and qualitatively abnormal excretion of porphyrin 
featured relapse and disappeared during the induced remission. 
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Natural Meningococcal Agglutinins and Lysins in Human Serum. 


JorEL WaRREN AND CLAus W. JUNGEBLUT. 


From the Department of Bacteriology, College of Physicians and Surgeons, 
Columbia University, New York. 


The study of the susceptibility-problem in cerebrospinal fever, a 
disease characterized by a highly selective incidence, has divided 
itself naturally into an analysis of the role played by the causative 
agent and the factors concerned with host-resistance. Investigations 
dealing with the organisms have centered chiefly around the carrier- 
condition as a source of infection and the significance of the sero- 
logical types of meningococci; those dealing with the host have been 
mostly concerned with attempts to evaluate the humoral defences of 
the body against meningitic infection, it being unknown what causes 
the selective localization of the invading organisms in the meninges. 

Together with phagocytosis, the bacteriolysin and agglutinin of 
human blood are regarded by some authors as the primary agents 
concerned with the removal of the meningococcus from the circula- 
tion following its initial invasion.” ” It is generally accepted that 
not only the normal serum of man but also that of a number of ani- 
mals (guinea pig, rabbit and monkey) are strongly meningococci- 
dal in vitro.**»* The normal bacteriolysin resembles other natural 
antibodies in that its titer is said to increase with age in man and 
animals, regardless of previously known exposure to the meningo- 
coccus ; Silverthorne and Fraser,’ however, stress the strong menin- 


1 Murray, E. G. D., Medical Res. Council, spec. Rep’t Series No. 124, 1929. 
2 Heist, S., Solis-Cohen, S., Solis-Cohen, M., J. Immwunol., 1922, 7, 1. 

3 Flexner, 8., J. Exp. Med., 1907, 9, 105. 

4 Matsunami, T., and Kolmer, J., J. Immunol., 1918, 3, 177. 

5 Silverthorne, N., and Fraser, D. T., J. Immunol., 1935, 29, 523. 
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gococcidal power of the blood of carriers as indicating its specific 
character. The same uncertainty prevails regarding the nature of 
the natural agglutinin which has variously been reported as being 
present or absent in the blood of normal persons, carriers, or con- 
valescents.® ” ° 

In view of the discrepancies cited above a study of normal human 
sera was undertaken in order to investigate not only the frequency 
of the occurrence of both lysin and agglutinin, but also to deter- 
mine the relationship between the two antibodies and their speci- 
ficity. 

Methods. Three strains of meningococcus were used in this work: 
2 of these represented stock strains of groups I-III and II-IV re- 
spectively, the third strain was freshly’ isolated from the naso- 
pharynx of a healthy carrier and belonged to group IIJ-IV. The 
human sera were used either unheated or heated to 60°C for 
Y hour. The donors of these sera ranged in age from 14-72 years 
and gave no history of either a previous attack of meningitis or 
of unusual conditions of the upper respiratory tract. The agglutin- 
ation-tests were set up with a variety of antigens, including sus- 
pensions of live cocci and of organisms killed by either formalin or 
phenol. The results were recorded after incubation at 37° for 2 
hours and again after leaving the tubes in the icebox overnight. The 
lysin was determined by mixing 0.02 cc of undiluted serum plus 0.2 
unit of guinea-pig alexin with 0.02 cc of dilutions of 1:1000, 
1:10,000, and 1:100,000 of a freshly prepared heavy suspension 
of live cocci. After incubation for 24 hours, smears were made and 
examined microscopically for the presence of intact meningococci. 
This procedure gave results identical with the plating out of the 
serum-meningococcus mixtures and counting of developing colonies. 

Results of the Agglutmative tests. 141 adult human sera and 26 
sera from infants or children (ages 1 month to 9 years) were tested 
for agglutinins against the 3 strains of meningococcus representing 
the 2 broad serological groups. The results are given in Table I. It 
is apparent that about one-half of the adult sera agglutinated group 
I-III meningococcus whereas almost two-thirds of these sera con- 
tained agglutinins against group III-IV organisms. Further analysis 
of the individual reaction of each serum yielded the following data: 
48 sera (34%) lacked agglutinins for both strains while 49 sera 

6 Stoevesandt, K., Cent. f. Bakt. orig., 1908, 46, 295. 

7 Gates, F. L., J. Exp. Med., 1918, 28, 449 


8 Worster-Drought, C., and Kennedy, A. C., Cerebrospinal Fever, London, A. 
and C. Black, Ltd., 1919. 
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(35%) agglutinated both strains; 11 sera (7.8%) agglutinated I- 
III strains only and 33 sera (23% ) agglutinated II-IV strains only. 
It is also clear that organisms belonging to group II-IV were agglu- 
tinated, almost uniformly, to higher titers. In contrast to these re- 
sults, only 3.8 and 19.2% of the sera from infants and children 
showed agglutinins of a low titer against groups I-III and I-IV 
meningococci, respectively. The agglutinin is evidently heat-stabile 
since heating for %4 hour at 60°C did not appreciably change the 
titer of the serum. 

Results of the Bacteriolytic Tests. 88 normal adult sera and 34 
sera from infants and children (ages ranging from 12 days to 4 
years) were tested for lytic activity against the 2 serological groups 
of meningococci. As may be seen from Table I, fully 92% of the 
adult sera showed some bacteriolytic effect against either group of 
meningococci, no sera being lytic for one strain and not for the 
other. Moreover, the end-titers were approximately the same for 
both groups of organisms. On the other hand, 82% of the infants’ 
and children’s sera were devoid of meningococcidal power under the 
conditions of our test. The bacteriolytic complex requires ‘‘comple- 
mentation” as shown by the absence of lysis when heated sera were 
brought together with cocci without the addition of alexin. 

Relationship Between Agglutinin and Lysin. As regards the co- 
existence of the natural agglutinin and lysin in the same serum, our 
data indicate that 19 of 95 lytic sera—20% of all sera examined for 
the simultaneous presence of the 2 antibodies—failed to agglutinate 
either serological group of cocci. However, in no case was the 
reverse encountered, 7. ¢., absence of lysin in an agglutinating serum. 
Again, if one compares the agglutinative titer with the lytic strength 
against any one group of meningococci, no quantitative relationship 
becomes evident as indicated by the fact that a given serum may 
agglutinate only feebly but be markedly lytic, and wice versa. 

Specificity of the Natural Agglutinin and Lysin. Experiments 
to determine the degree of immunological specificity of the 2 anti- 
bodies were carried out by absorbing pooled normal adult serum 
with homologous and heterologous organisms and testing the sera 
after absorption for agglutination and lysis of the various members 
of the genus Neisseria. The results indicated that the natural men- 
ingococcal agglutinin possesses well marked type- and species-speci- 
ficity, only absorption with the homologous type meningococci 
causing complete removal of the respective agglutinins. The same 
experiment, however, demonstrated a complete lack of immunolog- 
ical specificity for the natural meningococcal lysin, as evidenced by 
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the fact that this substance may be removed not only by absorption 
with the heterologous type meningococci but by contact with B. coli 
as well. In a similar absorptive test in which specific rabbit-anti- 
meningococcal serum was substituted for normal human serum, 
both the immune agglutinin and lysin exhibited a high degree of 
immunological specificity, contact with B. coli causing no change in 
the agglutinative titer and only a minor diminution of the lytic 
activity. 

Animal Sera. A small number of normal sera from various 
animals, including the monkey, rabbit, guinea pig and rat were 
examined for their content of natural meningococcus agglutinins and 
lysins. Suffice it to state that all sera tested showed marked menin- 
gococcidal power with no or negligible agglutinin titers. 

Conclusions. Our data permit certain deductions regarding the 
nature and origin of the natural meningococcal agglutinin and lysin. 
It is clear that both antibodies increase in intensity and extensity 
with age and since conditions are generally favorable for the suc- 
cessive absorption from the nasopharynx of antigenic material be- 
longing to the genus Neisseria one might be led to believe that both 
are due to “occult” immunization. However, as will appear below, 
it is more than likely that we are dealing with two separate entities. 

The natural meningococcal agglutinin, according to our data, 
possesses a well marked immunological specificity. This is suggested 
not only by the occurrence of type-specific agglutinins in a certain 
percentage of normal human sera but more particularly by the fact 
that such agglutinins can be exhausted only by absorption with the 
specific antigens. In this respect the natural agglutinin resembles 
the immune agglutinin. Our observation that natural agglutinins 
occurred more often against group II-lV than against group I-II1 
strains of meningococci is further suggestive evidence in favor of 
assuming their specific origin inasmuch as Branham’ had found a 
preponderance of II-IV strains among cultures obtained from car- 
riers whereas a majority of cultures isolated from cases of menin- 
gitis belonged to group I-III. In contrast to what has been said 
about the natural agglutinin, our data show that the power of nor- 
mal human serum to lyse the meningococcus is invariably directed 
against both serological groups, and absorption-experiments re- 
vealed a complete lack of immunological specificity. The natural 
meningococcal lysin, therefore, appears to be quite different from 
the marked increase in meningococcidal power which is obtained 
following immunization with the specific organisms. This is also 


9 Branham, §., J. Am. Med. Assn., 1937, 108, 692. 
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borne out by the fact that the lytic property in normal human serum 
may exist entirely apart from its agglutinating capacity. The con- 
clusion, therefore, seems justified that the normal meningococcidal 
power of human and animal blood is wholly unrelated to any pre- 
vious immunizing experience with the specific antigen. While the 
possibility cannot be excluded that in those instances in which natu- 
ral agglutinin and lysin occur together both antibodies reflect the 
result of common antigenic stimulation, it is more than likely that 
this relationship is merely fortuitous and that their coexistence 
should be interpreted as a chance occurrence of 2 different sub- 
stances, one a specific antibody and the other a nonspecific factor of 
the blood. 
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Citrate Solutions for Preservation of Fluid Blood. 


Joyce CoTTrer anp W. J. MAcNEAL. 


From the Department of Pathology and Bacteriology, New York Post-Graduate 
Medical School and Hospital, Columbia University. 


Solutions of sodium citrate have been used to prevent coagulation 
of blood for many years and these solutions have become increas- 
ingly important in preserving the fluid blood for transfer from one 
human being to another. The citrate solutions are also employed 
in various laboratory procedures, particularly in the preservation of 
leukocytes for study of phagocytosis. The present study was un- 
dertaken because of the suspicion that some untoward reactions ob- 
served following citrate transfusions might be related to the citrate. 

We obtained hermetically sealed ampules of the citrate solutions 
of 4 different manufacturers. All of these were perfectly clear. A 
test of the hydrogen-ion concentration of these 4 specimens revealed 
the following results: 


Specimen pH 
A 8.5 
B 8.0 
Cc 8.1 
D 8.2 


We also prepared some solutions in our own laboratory and found 
that one solution of sodium citrate, 2.5% in 0.6% sodium chloride, 
had a pH of 8.7, higher than that observed in any of the 4 com- 
mercial samples. 
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We prepared a solution of citric acid, 2.5% in 0.6% sodium 
chloride, and found that this solution of citric acid had a pH of 
1.17. A number of trial mixtures of citric acid and sodium citrate 
were then prepared and it was found that a mixture of 5 cc of the 
citrate with 0.03 cc of the citric acid gave an approximately neutral 
solution. The various solutions were then tested by mixing 1 cc 
of freshly drawn human blood with 4 cc of the undiluted citrate 
solution. These mixtures were incubated at 37°C for 20 hours, then 
placed in the refrigerator for 24 hours, and then left in the room for 
a week. The appearance of the preparation was recorded from time 
to time. At the end of a week there was very marked destruction 
of the red blood corpuscles with red discoloration of the supernatant 
liquid in those tubes in which the citrate solution of hydrogen-ion 
concentration 8.5, 8.1, and 8.2 had been used. In the citrate of pH 
8.0 the hemolysis was distinctly less. 

Without going into great detail in regard to the many tests which 
were performed, one may say that the blood, when mixed with 
citrate solution of pH 7.1 to 7.5, remained for many days, even at 
room temperature, without evidence of dissolution of the red blood 
corpuscles. When, however, the citrate solution had a hydrogen-ion 
concentration greater than 7.6 or less than 6.8, one observed gross 
evidence of destruction of the blood. 

A further problem presented itself in regard to sterilization of 
these citrate solutions in glass ampules. It is evident that the 
quality of the glass plays a part in determining the final results. One 
should, therefore, work with glassware of uniform composition and 
then wil! be able, by trial and error, to determine the exact mixture 
of citric acid and citrate which will, after proper sterilization in the 
autoclave, retain the desired hydrogen-ion concentration. 

With our materials it was found best to add 0.04 cc of 24% 
citric acid solution to 5 cc of the 24%4% sodium citrate solution, 
in order to obtain, after autoclave sterilization, a solution with a pH 
between 7.1 and 7.5. When fresh human blood was mixed with 
such a solution without it being diluted with saline, the blood cor- 
puscles remained without evidence of hemolysis for at least a week 
at room temperature. 

There is every reason to expect that such a solution diluted fur- 
ther with saline, which is itself neutral in reaction or nearly so, will 
permit the preservation of blood at low temperatures for many 
days or weeks. Because of the increasing interest in the use of 
citrated blood in transfusion, these observations may have some 
practical value. 
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Neutralization of Ovarian Follicular Hormone in Women by 
Simultaneous Administration of Male Sex Hormone.* 


Epruraim SHorr, GEorcE N. PAPANICOLAOU AND BENJAMIN F. 
STIMMEL, 


From the Departments of Medicine and Anatomy, Cornell University Medical 
College, and The New York Hospital, New York City. 


Recent experiments from this laboratory, in which the vaginal 
smear was used as an index, have shown that the menstrual cycle 
can be inhibited in the human by the male sex hormone.* This is 
in accord with previous findings in rodents’ and primates.* The 
vaginal smear reverts to the atrophic or menopausal type,* and can 
be kept at that level by continued administration of adequate 
amounts of hormone. Menstrual function returns spontaneously 
after cessation of treatment. 

The present study was concerned with the possibility that the 
male hormone might have a direct antagonistic action on the ovarian 
follicular hormone, in addition to its suppressive effect on menstrual 
function. It was stimulated by our findings in a case in which the 
menstrual cycle was interrupted by the administration of testosterone 
propionate. Four weeks after the last definitely established ovula- 
tory phase, and during a period in which the vaginal smear remained 
typically menopausal, there was observed an increased excretion of 
ovarian follicular hormone which reached the same high levels as 
during the previous follicular phase, and lasted for 3 days. The 
question arose whether the persistence of the menopausal smear 
during this period might have been due to neutralization of the 
effect of endogenous estrogen on the vaginal epithelium by the ad- 
ministered male hormone. The experiments of Robson’ on ovariec- 
tomized mice in which vaginal cornification by oestrone was pre- 
vented by concomitant administration of testosterone, suggested 
that this might be the case. 


* Aided by Grants from the Josiah Macy, Jr., Foundation and from the Com- 
mittee for Research on Problems of Sex, of the National Research Council. 

1 Papanicolaou, G. N., Ripley, H. S., and Shorr, E., Proc. Soc. Exp. Bio. AND 
Mep., 1938, 37, 689. 

2 Robson, J. M., Proc. Soc. Exp. Brot. anp MeEp., 1936, 35, 49. 

8 Zuckerman, S., Lancet, 1937, 233, 676; Hartman, C. G., Proc. Soc. Exp. 
Brot. AND MEp., 1937, 37, 87. 

4 Papanicolaou, G. N., and Shorr, E., Am. J. Obs. and Gyn., 1936, 31, 806. 

5 Robson, J. M., J. Physiol., 1937, 90, Proc. Physiol. Soc., 15 P. 
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Experimental. With this in mind, estradiol benzoate (progynon- 
B) was administered to women with the menopausal syndrome in 
amounts sufficient to produce and maintain a follicular smear.* At 


Vaginal Smears of Case C. 

Fig. 1. Control smear before treatment (menopausal type). 

Fic. 2. Follicular smear following treatment with estradiol benzoate (3,000 
R.U. daily), prior to administration of testosterone propionate. 

Fig. 3. Smear after daily administration of 25 mg of testosterone propionate 
for 27 consecutive days and 50 mg for 7 days, combined with 3000 R.U. of estra- 
diol benzoate daily throughout this period. Note disappearance of cornified cells, 
reappearance of deep cells, with regression towards the menopausal type of smear. 

Fig. 4. Reappearance of follicular smear with continuance of daily treatment 
with 3000 R.U. of estradiol benzoate, 14 days after stopping testosterone pro- 
pionate. 
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this stage, the injections of estradiol were continued, and, at the 
same time, testosterone propionate (Oreton)t was also given. The 
effects of the simultaneous administration of these hormones was 
followed by means of vaginal smears, vaginal biopsies, and hormonal 
assays. 

The subjects were 3 women whose menopause was well estab- 
lished. Patients A and B had intact pelvic organs. Patient C had 
had a hysterectomy. In all 3, control smears were typically meno- 
pausal (Fig. 1). Prior to treatment, urinary estrogen assays in 
each case indicated a daily excretion of less than 90 International 
units, and the urinary prolan was above normal levels. 

A daily dose of estradiol benzoate sufficient to establish a typical 
follicular smear (Fig. 2) and symptomatic relief was administered. 
This was, for A, 1,500 R.U., and for B and C, 3,000 R.U. Then 
testosterone propionate was given as follows: to A, 25 mg daily in 
oil for 17 days (total 425 mg); to B, 25 mg daily for 10 days, 50 
mg for 3 days, and 25 mg for the next 3 (total 475 mg); and to C 
25 mg on 27 consecutive days, and 50 for the following 7 (total 
1,025 mg). Estradiol benzoate, in the doses given above, was ad- 
ministered throughout the period of study. 

In all 3 women, with the administration of male hormone together 
with estradiol benzoate, there was a gradual disappearance of corni- 
fied cells, a reappearance of deep cells, and the smears lost their typi- 
cal follicular character (Fig. 3). Biopsies of the vaginal mucosa at 
this time showed a loss of the cornified zone which had been built 
up by the previous injections of estradiol benzoate. The level of the 
urinary prolan fell to below 10 mouse units per 24 hr and remained 
within these normal values throughout the period of combined 
treatment. The symptomatic improvement achieved with estradiol 
alone persisted when both hormones were given. During the period 
in which the male hormone was given, libido and sexual response 
were definitely greater than that experienced with estradiol alone. 
The voice was perceptibly lowered, and there was a marked vulval 
hyperemia, as well as moderate enlargement of the clitoris in all 3 
subjects. 

In B and C, the administration of estradiol benzoate was continued 
after the testosterone propionate was stopped, and the vaginal 
smears again became follicular (Fig. 4). Patient C received a sec- 
ond course of 25 mg of testosterone daily for 14 days, along with 


+ We are indebted to Dr. E. Schwenk and Dr. G. Stragnell of the Schering 
Corporation for the generous supply of testosterone propionate (Oreton) and 
estradiol benzoate (Progynon B). 
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3,000 R.U. of estradiol benzoate. This resulted in a second transi- 
tion from a follicular smear to one devoid of cornified cells. 

A second group of 5 menopausal women, including 2 castrates, 
received testosterone propionate alone (25 mg daily). Symptoms 
were relieved with this dose in 4, and prolan excretion diminished, 
with no changes in the smear picture or the vaginal epithelium, 
which remained menopausal throughout. In neither of these 2 
groups of subjects was there observed the development of a follicu- 
lar smear with male hormone alone as has been recently reported by 
Salmon.°® 

Comment. There are several possible modes of action of male 
hormone in women. One is a direct effect upon the ovary to sup- 
press menstrual function. An example of this may be the amenor- 
rhea which follows the prolonged administration of the hormone to 
menstruating women.* Another possibility is that the action is pri- 
marily on other endocrine organs, most likely the hypophysis, and 
the effect on the ovary is secondary. This is suggested by the dimin- 
ution in prolan excretion we and others® have observed. A third is 
a direct peripheral effect antagonistic to the estrogens, such as we 
have shown for vaginal cornification in humans, and Robson in mice. 
Finally, all these mechanisms may function in varying degrees and 
at different times. 

A calculation of the neutralizing capacity in humans of the male 
hormone on estradiol is of interest. One mg of estradiol benzoate is 
equivalent to about 6,000 R.U. In these experiments, 25 mg of 
testosterone propionate was able to neutralize 0.5 mg of estradiol. 
The ratio is therefore 50:1. Using ovariectomized mice, Robson 
found a ratio of 300:1 between testosterone and estradiol. 

These results may have some bearing on the interpretation of the 
observation that androgens and estrogens are both present in the 
normal male and female. It may be that some such mechanism of 
neutralization serves to preserve the fundamental characteristics of 
each sex, in the presence of both types of hormones,-and that the 
different concentration in which they exist in men and women is 
the expression of the proper balance between them which will achieve 
this end. 

Conclusion. Studies of vaginal smears and biopsies indicate that 
the male hormone (testosterone propionate) is able to neutralize, 
in women, the effects of estradiol on the cornification of the 
vaginal epithelium. 


6 Salmon, U. J., Proc. Soc. Exp. Brot. AND MzEp., 1937, 37, 488. 
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Content in Spreading Factor and Toxins in Organs and 
Poisonous Secretions of Snakes. 


F. DuRAN-REYNALS. 
From the Rockefeller Institute for Medical Research, New York City. 


While moderate amounts of the active spreading factor exist in 
practically all mammalian tissuest as well as those from other 
zoological groups* the most active products so far described have 
been associated with cell secretions. These may be noted as follows: 
(a) secretions endowed with a powerful physiological effect such as 
those from the testicle of mammals,* (b) secretions having antico- 
agulating powers as that from the leech,* (c) toxic secretions exem- 
plified by the venom of certain snakes,° (d) soluble substances or 
secretions from toxic and invasive bacteria (Staphylococcus, Strep- 
tococcus, etc. ).° 

The idea suggested by these facts is that the living cells may be 
only a potential source of the factor, the activity of which does not 
become manifest until the secretion itself has undergone some 
change.t With this deduction in mind the secretions of certain 
poisonous snakes have been tested for their content of spreading 
and local toxic effect, in comparison with similar properties of ex- 
tracts of the secreting glands. 

Six different species of snakes were used, 4 poisonous and 2 non- 


1 Duran-Reynals, F., J. Exp. Med., 1929, 50, 327; Claude, A., and Duran- 
Reynals, F., J. Hap. Med., 1934, 60, 457. 

* Moderate amounts of spreading factor have been demonstrated in several 
species of birds, fish, lizards, newts, frogs, toads, snails, and harmless insects.2, 5 

2 Duran-Reynals, F., unpublished observations. 

3 Duran-Reynals, F., C. R. Soc. Biol., 1928, 99, 6; J. Exp. Med., 1929, 50, 327; 
Hoffman, D. C., and Duran-Reynals, F., J. Exp. Med., 1931, 53, 387; McClean, 
D., J. Path. and Bact., 1931, 34, 459. 

4 Claude, A., J. Exp. Med., 1937, 66, 353. 

5 Duran-Reynals, F., Science, 1936, 83, 286; J. Exp. Med., in press. 

6 Duran-Reynals, F., J. Bap. Med., 1933, 58, 161; McClean, D., J. Path. and 
Bact., 1936, 42, 477. 

+ The supposition outlined above is supported by experiments that indicate 
that some tissues are potential sources of large amounts of spreading factor. 
This factor may be liberated under certain conditions such as autolysis (in vitro) 
of rabbit’s brain,2 experimental intestinal obstruction in the same animal,? and 
certain bacterial infections2 The malignant transformation of a tissue also 
results in a marked increase of spreading factor.7, 8 

7 Duran-Reynals, F., and Stewart, F. W., Am. J. Cancer, 1931, 15, 2790. 

8 Boyland, E., and McClean, D., J. Path. and Bact., 1935, 41, 553. 
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poisonous. The potency of the spreading factor in venom, blood 
serum and tissue extracts of these snakes was determined. The 
tissues were ground and extracted with 1 or 10 volumes of saline 
and the resultant pulps were centrifuged. From the supernatant 
fluids as well as from the blood serum and the venom, progressive 
dilutions were made in saline. In 3 of the experiments dealing with 
poisonous snakes the venom gland was cut with scissors and 
thoroughly washed with saline in order to remove all traces of 
secreted venom. 

Two parts of each dilution were mixed with one part of India ink 
diluted 1:2, and 0.75 cc of each of the mixtures were injected in- 
tradermally in one side of rabbits. In these injections the India 
ink served as an indicator of the area of spreading of the mixtures. 
The same injections were repeated in the other side of the same 
animal using saline solution in place of the India ink, in order to 
be able to judge the severity of the resultant lesions uncomplicated 
by the presence of the ink. A mixture of 0.50 cc of saline plus 0.25 
cc of ink was always injected as a control. Results after 24 hours 
are recorded in Table I. 

The results shown in Table I seem to warrant the conclusion that 
the spreading and toxic power of extracts of the poison gland are 
much lower than the spreading and toxic power of its secretion, the 
venom. This difference is still more marked when the gland has 
been cleansed of any secreted venom adherent to its tissue. The 
fact that washing removes much of the toxicity suggests that traces 
of venom still remaining in the excretory ducts are responsible for 
at least part of the toxicity still shown by gland extract. Extracts 
of the poison gland at 1:1 dilution have a toxic and spreading effect 
only slightly superior to that shown by dilutions of the venom at 
1:1000. The content of spreading factor of the poison gland does 
not seem to be greater than that found in other tissues of the snake. 

The results show that there is a close correlation between the 
strength of the spreading factor and the toxicity of the venom or 
extracts of the poison gland. This is in line with our previous ob- 
servation® which was that both spreading and toxic power of the 
venom are neutralized by the specific antiserum. The present find- 
ings suggest that both spreading factor and toxicity are a product 
rather than a component of the gland cell. 

The table also shows that the spreading factor exists in moderate 
amount in the extracts of most tissues from both poisonous and non- 
poisonous snakes. Testes, from snakes yield no more of the factor 
than the other tissues which 1s contrary to the findings in mammals. 
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On the other hand blood serum of snake shows some activity while 
that of mammals is practically inactive. 

Summary. Spreading factor and venom are found only in neg- 
ligible amounts in the secreting cells of the venom gland of snakes. 
As both the factors appear together in the secretion they either act 
together as a unit or are the same substance. The spreading factor 
in moderate amounts exists in most tissues from both poisonous 
and harmless snakes. 
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Cerebral Mechanisms in Auditory Localization.* 


Epwarp GirpEN. (Introduced by Carney Landis.) 
From the Psychological Laboratory, Brooklyn College. 


Bikov* has reported that following complete transection of the 
corpus callosum it was possible to condition a dog to salivate to the 
sound of a whistle placed at the level of, and some distance from, 
the left ear. He was unable to subsequently develop a discrimination 
so that the animal did not salivate to the same stimulus sounded 
from its right side. Pavlov* concluded from this study that “a 
differentiation of the direction of a sound required a united activity 
of both hemispheras.”’ 

Bikov's data and Pavlov’s interpretation are consistent with the 
view that hearing is crossed. That is, impulses produced in the left 
cochlea end in the right hemisphere, while those impulses originating 
in the right cochlea terminate in the left hemisphere. Since both 
ears are essential for the correct localization’ of sounds in space 
(L-R habit), destruction of the corpus callosum would prevent the 
integration of the impulses produced in the peripheral mechanisms. 
From this logic, it would also follow that extirpation of the auditory 
cortex of one hemisphere (temporal lobe) would have the same 
effect as does the destruction of one cochlea. 

Recent studies, however, indicate that this view is incorrect. Re- 
sults procured in the dog* and the cat* support the contention that 


* This study was made possible by grants from the American Philosophical 
Society and the Elizabeth Thompson Science Fund. 

1 Bikov, K. M., and Speransky, A. D., Col. Papers, Physiol. Labs. of I. P. 
Pavlov, 1924, 1, 150. 

2 Pavlov, I. P., Conditioned Reflexes, Oxford University Press, 1927, p. 150. 

3 Mettler, F. A., Finch, G., Girden, E., and Culler, E., Brain, 1934, 57, 475. 

4 Brogden, W. J., Girden, E., Mettler, F. A., and Culler, E. A., Am. J. Physiol., 
1936, 116, 252. 
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hearing involves uncrossed as well as crossed components. Im- 
pulses from each cochlea reach both cortices. There is also some 
question as to the reliability of the salivary conditioning technic when 
it is employed in studies involving cerebral extirpation. Zeliony,’ 
using this method failed to establish conditioned reflexes in a totally 
decorticate dog, whereas positive results have been reported both by 
Culler® and Girden’ who made use of the motor conditioning technic. 
In the light of these facts, a retest of the question was made with 
the latter method. The L-R habit* was established by training the 
dogs to flex a forepaw upon the presentation of an auditory stimu- 
lus (buzzer or pure tone) from its right side, but to inhibit this 
response if the stimulus was sounded from the left side. All sur- 
gical operations were made under aseptic conditions and general, 
injection, anesthesia. 

Although the histological examination of the brains is now in 
progress, the following results are clearly indicated. The L-R habit 
persists following complete transection of the corpus callosum, re- 
moval of the temporal lobe, with varying amounts of adjacent occi- 
pital and parietal tissue, of one hemisphere. The L-R habit is dis- 
rupted only if both temporal lobes are extirpated. If the 2 auditory 
areas are removed in successive stages (one month apart), the audi- 
tory conditioned reflexes still persist; the dog will still flex its paw 
to the auditory stimulus, regardless of its locus in space. If the bi- 
temporal operation is performed in one stage, then not only is the 
L-R habit disrupted but all auditory conditioned reflexes disappear. 
The cortical area essential for the L-R habit lies within the limits of 
the sylvian gyrus (78-78b’). 

These results, contrary to the Pavlovian interpretation, are in 
agreement with the more recently established beliefs concerning 
the distribution of the auditory pathways in the brain. Support is 
given to the contention that the motor conditioning technic is more 
reliable than the salivary method in studies which involve cerebral 
extirpations. The investigation is now being extended to deter- 
mine what part of the sylvian gyrus is essential for the L-R habit, 
and whether particular areas within it function in the perception of 
specific frequencies or tones. 

5 Zeliony, G., Trans. Soc. Rus. Phy. of St. Petersburg, 1911-12, 50, 147. 

6 Culler, E., and Mettler, F. A., J. Comp. Psychol., 1934, 18, 291. 

7 Girden, E., Mettler, F. A., Finch, G., and Culler, E., J. Comp. Psych., 1936, 
21, 367. 


8 Girden, E., Am. J. Psych., in press. 
9 Papez, J. W., Comparative Neurology, Crowell, 1929. 
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Prophylactic and Therapeutic Effect of Sulfonamide Compounds 
in Experimental Malaria. 


LOWELL T. COGGESHALL. 


From the Laboratories of the International Health Division, The Rockefeller 
Foundation, New York. 


The treatment of malaria, either in man or experimental animals, 
with any of the accepted antimalarial drugs is not entirely satis- 
factory. A high percentage of relapses occurs in spite of vigorous 
therapeutic measures. In view of this and many other recognized 
deficiencies, it seemed worth while to try the effect of sulfonamide 
compounds on controlled experimental malarial infections. The re- 
ports in the literature concerning the chemotherapeutic action of 
the sulfonamide compounds on malaria are very meager. De Leon* 
and Hill and Goodwin’ used prontosil in acute vivax malaria, and 
reported beneficial results, while Read and Pino® employed sulfanila- 
mide and stated that it was without value. Van der Wielen* has also 
reported the use of prontosil in 2 cases of quartan malaria with a 
favorable therapeutic result. 

The following report concerns the prophylactic and therapeutic 
effect of 2 sulfonamide compounds, sulfanilamide* (paramido ben- 
zene sulfonamide) and sulfanilyl sulfanilate,t in experimental ma- 
laria and the action of these drugs on the parasites in vitro. Both 
preparations were injected intraperitoneally and the former was also 
given by mouth. 

Experiment 1. Two rhesus monkeys, Nos. 1 and 2, were each inoc- 
ulated intraperitoneally with one million Plasmodium knowlesi para- 
sites. Monkey 1 was then given 0.25 g of sulfanilamide intraperi- 
toneally, and the same amount of the drug was given on each of 4 
successive days thereafter. Monkey 2 served as a control. No infec- 
tion developed in test Monkey 1 while control Monkey 2 became 
infected and died 12 days after inoculation. 

Experiment 2. Inasmuch as the parasites and the first dose of 


1De Leon, A. D., Translation of original, U. S. Pub. Health Rep., 1937, 52, 
1460. 

2 Hill, R. A., and Goodwin, M. H., Sowth. Med. J., 1937, 30, 953. 

3 Read, H., and Pino, J. O., Arch. Schiffs. u. Tropenhyg., 1938, 42, 132. 

4 Van der Wielen, Y., Nederl. Tijdschr. v. Geneesk., 1937, 81, 2905. 

* Supplied by the Winthrop Chemical Company, New York. 

+ Made by the Caleo Chemical Company and obtained through the courtesy of 
Dr. A. R. Dochez. 


SULFONAMIDE COMPOUNDS IN EXPERIMENTAL MALARIA 769 


sulfanilamide were injected simultaneously into the abdominal 
cavity, a direct parasiticidal effect was considered possible. In order 
to rule out this possibility, 2 monkeys, Nos. 3 and 4, were each inocu- 
lated with one million parasites, but treatment was withheld in the 
test animal until parasites appeared in the blood stream. Circulating 
parasites were first detected in both animals on the 4th day after 
inoculation. Monkey 3 then received 0.25 g of sulfanilamide in- 
traperitoneally on that day and 0.5 g on the following day. No drug 
was administered to Monkey 4, the control. Monkey 3 had a low- 
grade infection which subsided into a chronic form, while the con- 
trol, Monkey 4, died of an overwhelming infection on the 9th day. 

Experiment 3. The foregoing experiments were repeated on 5 
monkeys, Nos. 5 to 9, inclusive. These monkeys were each inocu- 
lated intraperitoneally with 20 million parasites, a larger number 
than previously employed, and at various intervals after inoculation 
they were given sulfanilamide. The procedure and results are 
summarized in Table I. It will be seen that Monkey 5, which re- 
ceived 0.5 g of sulfanilamide at the time of inoculation and on the 
3rd and 5th days afterwards, never developed an infection. Monkey 
6 received 0.5 g on the 3rd day, which was the first day that para- 
sites appeared in the blood stream. Forty-eight hours later the para- 
sites had disappeared. Monkey 7 was given 0.5 g on the 3rd day 
when the infection was well established and again on the 5th day. 
The course of the infection was severe but subsided rapidly without 
further therapy. Monkey 8 was treated with 0.5 g of sulfanilamide 
on the 4th day upon showing evidence of a rather intense infection 
with a count of 182 parasites per 10,000 red blood cells. This dose 
was repeated on the following day because the parasite count was 
increasing rapidly. After the second dose there was a marked im- 
provement in the animal, and 48 hours later no parasites could be 
found in the blood smears. Control Monkey 9 died of acute malaria 
on the 10th day following inoculation. It was noted in the stained 
blood smears of those monkeys which had rapid declines in the 
number of parasites following sulfanilamide therapy that many of 
the parasites were distorted and broken. This observation indicated 
that the drug had a direct action on the parasites. The results of 
this experiment show that sulfanilamide in the amounts given was 
effective in preventing infection as well as in having a marked 
therapeutic value after the infection was established. 

Experiment 4. In the following experiment the prophylactic 
effects of sulfanilamide were tested in 4 monkeys. Monkeys 10 
and 11 each received intraperitoneally 0.5 g of the drug in a 10% 
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solution on 4 successive days before inoculation with malaria para- 
sites, while Monkeys 12 and 13 each received 2.0 g by mouth in one 
dose. Twenty-four hours after the last administration of the drug 
these 4 monkeys and also Monkey 14, which received no drug and 
served as control, were each inoculated intraperitoneally with 20 
million parasites. This represented approximately 10 million mini- 
mal infective doses. 

The results of this experiment are shown in Table II, and it will 
be seen that of the 2 monkeys, Nos. 10 and 11, which received sulfan- 
ilamide intraperitoneally before inoculation of parasites, Monkey 10 
failed to develop an infection. Monkey 11 became infected but did 
not show circulating parasites until 10 days following inoculation. 
It appeared to be recovering but finally succumbed on the 20th day 
with a marked anemia. Almost identical results were obtained in 
the 2 monkeys, Nos. 12 and 13, in which a single 2.0 g dose of sul- 
fanilamide was given by mouth. Monkey 12 failed to become in- 
fected while Monkey 13 first had demonstrable parasites on the 17th 
day but recovered. Control Monkey 14 died of an overwhelming 
infection 9 days after inoculation of parasites. The outcome of 
this experiment indicates that sulfanilamide in the amounts given 
was responsible for preventing infection in Monkeys 10 and 12 and 
appreciably prolonging it in Monkeys 11 and 13. 

Experiment 5. The in vitro action of sulfanilamide on the para- 
sites was tested in 2 monkeys. Twenty million parasites were incu- 
bated with 0.1 g of the drug for 30 minutes at 37°C. This mix- 
ture was then injected into Monkey 15. Monkey 16 received a simi- 
lar mixture except that the parasites were incubated with 0.05 g of 
sulfanilamide. Both monkeys failed to develop infections, indicat- 
ing that the parasites had been completely inactivated in vitro by the 
drug. 

Experiment 6. The therapeutic and prophylactic effect and the 
im vitro action of sulfanilyl sulfanilate were next studied. The 
method of administration and the results are summarized in Table 
Ill. It is seen from this table that sulfanilyl sulfanilate has some 
therapeutic value when given early in the course of an acute infec- 
tion. No prophylactic effect is apparent, however, and in vitro the 
drug apparently has no deleterious effect upon the parasites compar- 
able to that of sulfanilamide. 

Experiment 7, Sulfanilamide and sulfanilyl sulfanilate were given 
to 4 monkeys with chronic infections in an attempt to effect a cure. 
Each drug was used separately in 2 monkeys which had previously 
been protected from death with immune serum and the duration of 
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their infection varied from 22 to 135 days. Both drugs were given 
in 0.5 g amounts for 6 successive days. Forty-eight hours after 
the last dose the animals were bled and 3 cc of blood from each 
monkey was subinoculated intravenously into separate normal mon- 
keys. The blood from the 2 monkeys which received sulfanilamide 
was not infectious for normal monkeys while the blood from the 
sulfanilyl sulfanilate treated monkeys produced an infection in the 
normal animals. 

Treatment of avian malaria, Sulfanilamide and sulfanilyl sul- 
fanilate had no prophylactic effect or therapeutic value in the treat- 
ment of P. cathemerium infections in canaries or P. lophure in- 
fections in young chicks. 

Summary. Sulfanilamide was found to have a prophylactic value 
and a marked therapeutic effect on acute P. knowlesi infections in 
rhesus monkeys. It had, in addition, a direct action upon the 
parasites im vitro. 

Sulfanilyl sulfanilate proved an ineffective prophylactic agent; it 
had no apparent in vitro action on the parasites, but some thera- 
peutic value in acute P. knowlesi infection was noted. 

In chronic infections 3.0 g of sulfanilamide given intraperi- 
toneally was sufficient to render blood non-infectious for susceptible 
monkeys, while the same amount of sulfanilyl sulfanilate was with- 
out effect. 

Sulfanilamide and sulfanilyl sulfanilate were ineffective for pro- 
phylaxis and had no therapeutic value when tested against infec- 
tions produced by 2 different species of avian plasmodia. 
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Effect of Splenectomy on Response to Pituitary Material and the 
Question of the Antihormone. 


ALBERT S. GORDON AND Harry A. CHARIPPER, 
From Washington Square College, New York University. 


Although there is unanimity among investigators in the field 
that inhibitory substances appear in the blood following continuous 
treatment with various endocrine extracts, controversy still exists 
regarding the nature of these antihormone principles, and the mech- 
anism responsible for their production. This controversy, in gen- 
eral, is confined to two schools of thought. The first adheres to the 
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idea that antihormones are normally present in the blood of animals 
in varying amounts, the concentration of which is increased by hor- 
mone injection. Collip,* for example, compares the hormone-anti- 
hormone complex to a buffered system. (For a review of the more 
pertinent references on this subject, see Gordon.*) The other school 
believes the inhibitory substances are antibodies, evoked because of 
the association of the injected hormone with foreign protein. 

One of the strongest arguments in favor of the antibody-like na- 
ture of these antagonistic substances has been the failure of animals 
receiving treatment with pituitary hormones of the same species to 
become refractory or develop antihormone substances. This has been 
demonstrated in different ways by numerous investigators.**° Only 
Collip and his collaborators’» *” have reported refractoriness or in- 
hibitory substances in rats and sheep treated with pituitaries of ho- 
mozoic animals. 

Recently, we” **** have shown that the so-called reticulo-endo- 
thelial system, known to be concerned with the production of anti- 
body substances,” is intimately related to the state of refractoriness 
which develops after prolonged treatment with heterozoic endo- 
crine extracts. A short time ago, Emery*® reported experiments 
which demonstrated that splenectomy does not alter the ovarian re- 
sponse in rats receiving implants of rat pituitaries. Although this 
is the result one would expect if the antihormone substances are 


1 Collip, J. B., J. Mt. Sinai Hosp., 1934, 1, 28. 

2 Gordon, A. S., Cold Spring Harbor Symposium Volume, 1937, 5, 419. 

3 Smith, P. E., Am. J. Anat., 1930, 45, 205. 

4 Evans, H. M., et al., Memoirs Univ. of Calif., 1933, 2. 

5 Brandt, R., and Goldhammer, H., Z. f. Immun. u. exp. Therap., 1935, 88, 79. 

6 Martins, T., Compt. rend. Soc. de Biol., 1935, 119, 753. 

7 DuShane, G. P., Levine, W. T., Pfeiffer, C. A., and Witschi, E., Proc. Soc. 
Exp. BIoL. AND MED., 1936, 33, 339. 

8 McCahey, J. F., Soloway, D., and Hansen, L. P., Penn. Med. J., 1936, 39, 228. 

9 Katzman, P. A., Wade, N. J., and Doisy, E. A., Endocrinol., 1937, 21, 1; 
Proc. Soc. Exp. Bion. AND MEp., 1938, 38, 122. ‘ 

10 Thompson, K. W., Proc. Soc. Exp. Bron. AND Mrep., 1937, 35, 634. 

11 Selye, H., Collip, J. B., and Thomson, D. L., Proc. Soc. Exp. Biot. anD Mrp., 
1934, 31, 566. 

12 Collip, J. B., Can. Med. Assn. J., 1937, 36, 199. 

13 Gordon, A. S., Kleinberg, W., and Charipper, H. A., Science, 1937, 86, 62; 
Proc. Soc. Exp. Biot. AND Mep., 1937, 36, 484; Anat. Rec., Supplem. No. 1, 1937, 
70, 49. 

14 Gordon, A. S., and Charipper, H. A., Anat. Rec., Supplem. No. 3, 1938, 70, 31. 

15 Perla, D., and Marmorston, J., The Spleen and Resistance, Williams and 
Wilkins Co., 1935. 

16 Emery, F. E., Proc. Soc. Exp. Bion. AND Mezp., 1937, 37, 455. 
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antibody-like, because of the great variation of ovarian weights in 
Emery’s control and experimental groups of animals, we decided to 
repeat his experiment, using a method which would yield less varia- 
ble results. At the same time, in order to settle the matter com- 
pletely, we thought it advisable to conduct another series of experi- 
ments to determine whether injections of pituitary material, pre- 
pared in the same way, but from a heterozoic source, would produce 
any different effect in normal as compared to splenectomized animals. 

Rat pituitaries were obtained from 135 male animals (150-200 g) 
castrated approximately 2 months before the experiments were be- 
gun. Castration was performed to increase the gonadotropic po- 
tency of the glands. On the days of injection, 15 of these animals 
were killed, the pituitaries removed, and minced with fine scissors 
to yield a pulp which could be taken up in a small amount of saline 
for injection purposes. Nineteen control and 19 splenectomized im- 
mature (25-30 days old) female rats from the same litters were in- 
jected intraperitoneally with 5 mg of this whole rat pituitary ma- 
terial 9 times, the injections being evenly distributed over a period 
of 25 days. 

Sheep pituitaries from freshly slaughtered animals were em- 
ployed for the second part of the experiment. A's with the rat pitui- 
taries, this material was minced up finely and then mixed with a 
small amount of saline for injection. Ninety mg of whole sheep 
pituitary prepared in this way, when administered 9 times, was 
found to have approximately the same effect on the ovarian weight 
of the immature rat as nine 5 mg injections of the whole castrate 
rat glands. Twenty normal and 17 splenectomized immature female 
rats from the same litters were given nine 90 mg intraperitoneal 
injections, distributed over a period of 25 days. All rats employed 
in this study were from a highly inbred strain and were free of 
Bartonella murts. 

Twenty-six days after beginning treatment all the animals were 
sacrificed and the ovarian weights determined. Similarly the uteri 
were cleanly dissected, pressed on a piece of blotting paper to ex- 
pel any fluid, and the weights measured. The ovarian and uterine 
weights obtained in these experiments together with a statistical 
analysis of the results are given in Table I. The ovarian and uter- 
ine weights in 12 normal untreated 52-55-day rats are also in- 
cluded. 

From an observation of this table, the following conclusions may 
be reached: (1) Removal of the spleen does not alter the ovarian 
and uterine weight response to pituitary material from homozoic 
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animals. This may be seen from the values of the standard errors, 
and the fact that the value of the difference between the means 
divided by the standard error of the difference between the means is 
less than 2. This would be in agreement with the conclusions 
reached by Emery. (2) The statistical analysis, however, reveals 
that splenectomized rats, injected with pituitary from heterozoic 
animals, show a greater increase in ovarian and uterine weights 
than normal rats similarly treated. 

These results are in total accord with the general contention that 
the refractory state which develops after prolonged treatment with 
heterozoic endocrine material is brought about by a mechanism 
similar to that responsible for the production of antibodies follow- 
ing injection of antigenic material. 

It may be argued that the effects obtained with the sheep pituitary 
material are due to the greater quantities of sheep as compared to 
the amounts of castrate rat pituitary injected. As has already been 
pointed out, however, the sheep and rat material produced approx- 
imately the same intensity of effect on the ovarian and uterine 
weights. That the amount of protein injected does not determine 
the difference may be seen from some of our earlier experiments’ 
which show that great differences in effect in splenectomized and 
control animals are obtained with the use of small amounts of an 
endocrine preparation (Follutein) which contains very little protein. 

Summary. Splenectomy in rats is without effect on the ovarian 
and uterine weight response to injections of homozoic pituitary ma- 
terial. Splenectomized rats, however, show greater response when 
treated with pituitary material from a heterozoic source than simi- 
larly treated controls. This lends further support to the contention 
that the state of refractoriness which develops after prolonged treat- 
ment with hormone preparations is immunological in nature. 
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Effect of Parathyroid Extract upon Volume of Parathyroid 
Glands in Normal and Partially Nephrectomized Rats. 


ALWIN M. PApPpENHEIMER AND JOSEPH W. JOHNSON, JR. 


From the Department of Pathology, The College of Physicians and Surgeons, 
Columbia University, New York City. 


In the course of certain experiments upon sensitiveness of par- 
tially nephrectomized rats to parathyroid extract, an opportunity 
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was offered to ascertain whether the administration of this hormone 
over shorter or longer periods leads to a reduction in the size of the 
parathyroid glands. It is a commonly held belief that substitution 
therapy brings about functional atrophy of the endocrine glands pro- 
ducing the secretion. In the case of the parathyroids, Jaffe and 
Bodansky* have reported that in dogs, the size of the parathyroid 
was reduced from one-third to one-half of that usually found; and 
that there were microscopic evidences of atrophy after acute or 
chronic experimental hyperparathyroidism. However, they did not 
weigh or measure the glands, and it seemed desirable to obtain more 
precise information on the subject. 

White and hooded rats were maintained on a standard diet.” Para- 
thyroid extract (Lilly) was given by intraperitoneal injection in 
total doses ranging from 200 to 2150 Hansen units over periods of 
from 3 to 51 days. The combined volume of the parathyroid glands, 


1 Jaffé, H., and Bodansky, A., J. Exp. Med., 1930, 52, 669. 
2 Donohue, W., Spingarn, C., and Pappenheimer, A. M., J. Hap. Med., 1937, 
66, 697. 
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after short fixation in Zenker, was measured from serial sections.* 
Determinations were made on 4 groups of rats: 

Group (I) Normal, untreated controls. 

vs (II) Normals, treated with parathyroid extract. 
(II1) Partially nephrectomized, untreated rats. 
(IV) Partially nephrectomized rats, injected with para- 
thyroid extract. 

The individual data are shown on the scatter chart, and the mean 

values in the various groups are presented in Table I. 


9 
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TABLE I. 
Mean volume of parathyroids in mm3 

|e Te en an ae aa ee 

Group No. of rats Abs. Per 100 g 
a 13 1483 0886 
II 18 1506 .0914 
TTT 32 2314 1789 
IV a -2413 2222 


It is obvious that the injection of parathyroid extract, even in 
large doses, does not bring about an involution of the normal glands, 
nor does it prevent the hyperplasia which follows partial nephrec- 
tomy. 

We are greatly indebted to the Eli Lilly Co. for the parathyroid 
extract used in these experiments. 
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Effect of Testosterone Propionate upon Endometrial Cycle 
of the Human. 


J. A. Gaines, U. J. SAtMon anp S. H. Geist. 


From the Gynecological Service of Dr. S. H. Geist and Department of Laboratories 
of the Mt. Sinai Hospital, New York City. 7 


Experimental evidence is accumulating which indicates that male 
hormone counteracts the physiologic effects of estrogenic hormone. 
Ihrke and D’Amour' reported suppression of the estrous cycle in 
female rats while being injected with male hormone concentrates 
prepared from bull testes. Similar results were obtained by Robson? 

3 Jarrett, W. A., Peters, H. A., and Pappenheimer, A. M., Proc. Soc. Exp. 
Biot. AND Mep., 1935, 32, 1211. 


1 Thrke, I. A., and D’Amour, F. E., Am. J. Physiol., 1931, 96, 289. 
2 Robson, J. M., Proc. Soc. Exp. Bron. AND MeEp., 1936, 35, 49. 
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in mice and Browman® in rats with testosterone. Zuckerman* 
has reported that testosterone propionate inhibits follicle growth and 
luteinization in monkeys. The present investigation was under- 
taken to determine the effect of testosterone propionate upon the 
endometrial cycle of the menstruating human female. 

A group of 6 women were selected and preliminary control endo- 
metrial (suction) biopsies were performed in each case to deter- 
mine the presence of a normal endometrial cycle. In all of the cases 
selected for this study, the control biopsies performed during the 
latter half of the cycle showed, on one or more occasions, an endo- 
metrium in the secretory phase, indicating a regular estrogenic and 
corpus luteum effect. 

These women were given testosterone propionate* in individual 
doses of 25 to 100 mg at intervals of 2 to 3 days. The total monthly 
dosage was varied from 175 mg to 800 mg. The androgen was ad- 
ministered intramuscularly in concentrations of 25 to 50 mg per ce 
of sesame oil. During the course of testosterone injections, suction 
biopsies of the endometrium were performed at intervals of 1 to 4 
weeks, covering 1 to 3 monthly cycles. 

Because of the lack of uniformity in the terminology employed in 
the literature to describe the morphologic variations of the endome- 
trium, a brief description of the histologic criteria employed 
in this study is presented. 

The normal monthly cycle may be divided into menstrual, prolif- 
erative and secretory phases. The proliferative phase occurs from 
the end of menstruation to the time of ovulation. In a 28-day 
cycle, this extends over a period of approximately 10 days, following 
a 4-day menstrual period. The endometrium is characterized by an 
increase in thickness, enlargement and tortuosity of the glands, 
numerous mitoses, pseudostratification of the epithelial cells, and 
increase in the number, size and mitotic activity of the stroma cells. 
There is abundant experimental evidence to indicate that this phase 
is the result of purely estrogenic stimulation of the endometrium 
resulting in progressive cellular activity and growth. 

The secretory phase occurs from the time of ovulation to the be- 
ginning of menstruation. This phase is characterized by loss of 
epithelial pseudostratification, early realignment of the glandular 
epithelium with centralization of the nuclei, presence of subnuclear 
vacuolization and glycogen accumulation, papillary projections of 


3 Browman, L. G., Proc. Soc. Exp. Bion. AnD Mezp., 1937, 36, 205. 

4 Zuckerman, S., Lancet, 1937, 2, 676. 

* We are indebted to Drs. Gregory Stragnell and Erwin Schwenk of the 
Schering Corporation for the testosterone propionate. 
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the glandular epithelium into the gland lumen, corkscrew outline of 
the glands, rare mitoses, and secretion within the gland lumen. The 
stroma shows increasing edema and lymphocytic infiltration. The 
stroma cells are enlarged and many of them contain glycogen. The 
glycogen stain, when used, is of great value in differential diagnosis, 
since the proliferative phase does not show the presence of glycogen 
except in the slightest degree. These secretory endometrial changes 
are the result of a combined estrogen and progesterone effect. 

The term /typerplastic endometrium indicates an abnormally 
marked estrogenic effect. It excludes the presence of any corpus 
luteum stimulation. It represents a hyperproliferation beyond that 
seen in the average, late proliferative phase of a normal cycle. 

The endometrial changes noted after the administration of testo- 
sterone propionate are the reverse of those observed in hyperplasia. 
In contrast, they suggest an inhibition or suppression of estrogen 
stimulation and proliferation. The term /ypoplasia is proposed to 
describe a subnormal proliferative effect, that is, less than that seen 
in the average, early proliferative phase of the normal cycle. When 
the manifestations of cellular activity and growth are more strik- 
ingly reduced, the designation marked hypoplasia is used. Atrophy 


Fie. 1. Fig. 2. 


Fig. 1. 
Control suction curettage—taken premenstrually. Endometrium showing 
normal secretory phase. 
Fie. 2. 
Atrophie endometrium after the administration of testosterone propionate. 
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is suggested for the endometrial picture resembling that encountered 
long after the menopause of castration (Mig. 1). 

With atrophy, only minute fragments of tissue are obtained 
despite vigorous curettage with the suction curette. The endo- 
metrium is reduced to a thin strip, as evidenced by the not infreqent 
presence of myometrial tissue a short distance below the surface 
epithelium, Wragmentation of the specimen is common in contrast 
to the well-preserved strips removed during normal phases. The 
endometrial glands are few in number and narrow or slightly dilated. 
The glandular epithelium does not show the presence of mitoses or 
pseudostratification, The epithelial nuclei are small, irregular in 
contour, dark-staining, and often pyknotic. Vacuolization of the 
cytoplasm and other evidences of plasmolysis are present. The 
stroma cells are not abundant and are spindle shaped, with small, 
dark nuclei, No mitoses are to be seen within the stroma cells. 

In hypoplasia, the endometrium shows signs of definitely reduced 
cellular activity. he mitotic figures ordinarily seen within the 
stroma cells and glandular epithelium of the early proliferative phase 
are rare, The epithelial nuclei are not uniform, light-staining or 
vesicular, but small, dark and often irregular, Evidence of cellular 
degeneration is frequent. The cytoplasm is more acidophilic. The 
stroma cells are small and dark-staining, ‘The picture is that of a 
quiescent or partly regressive state. Depending upon the extent to 
which the endometrium approaches the picture of atrophy, the terms 
slight or marked hypoplasia are used, 

After the administration of testosterone propionate, the endome- 
trial biopsies in all the 6 cases revealed absence of secretory phase 
or progesterone effect. In 2 of these cases the endometrium pre- 
sented a picture of atrophy; in one, marked hypoplasia; in 2, slight 
hypoplasia; and in another, slight proliferation, Pseudomenstrua- 
tion (bleeding from a non-secretory phase) occurred after the first 
month of testosterone injections in 2 cases. In a third case, very 
sight bleeding occurred on 3 occasions at regular monthly intervals. 
With continued testosterone administration, all of the 6 patients 
subsequently missed one or 2 menstrual periods, 

It appears from these studies that after the administration of ade- 
quate doses of testosterone propionate, the following striking mor- 
phologic changes occur in the endometrium of cyclical women: (1) 
Disappearance of the secretory phase; (2) inhibition of the prolifer- 
ative phenomena, often with regression to the hypoplastic or atrophic 
state, 

These results may be interpreted as indicating either inactivation 
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of estrogen and progesterone or inhibition of follicle and corpus 
luteum development. Salmon* has shown that the hyperactive hy- 
pophysis of the human female castrate can be inhibited with testo- 
sterone propionate. It seems logical to assume, therefore, that the 
suppression of estrogen and progesterone effects in the endometrium, 
which occurred in the cases reported here, following the administra- 
tion of testosterone propionate, may be brought about by a similar 
mechanism—vz., inhibition of the gonadotropic factors (both fol- 
licle stimulating and luteinizing) of the hypophysis. 

Loeser® reported the observation that diminution in bleeding oc- 
curred in cases of metrorrhagia following administration of testo- 
sterone propionate. He cites a case of irregular menstruation asso- 
ciated with endometrial hyperplasia in which the endometrium be- 
came atrophic after 500 mg of testosterone propionate, and suggests 
inhibition of the hypophysis as a possible explanation of the action 
of the testosterone propionate. 
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Effect of Progesterone on Fallopian Tube Contractility. 


S. H. Geist, U. J. SALMON AND M. E. Mintz. 
From the Gynecological Service of Dr. S. H. Geist, Mt. Sinai Hospital, New York. 


It has been previously shown that the Fallopian tubes in women 
after the menopause lose the rhythmic contractions which, in cycli- 
cal women, can be recorded on a kymograph.* It was further shown 
that regular rhythmic contractions can be restored to the Fallopian 
tubes by the administration of adequate doses of estrogenic hormone. 

In the present investigation, an attempt was made to evaluate the 
effect of progesterone on the Fallopian tube contractility. Five post- 
menopause women were selected whose vaginal smear studies re- 
vealed definite estrogen deficiency, Preliminary control kymographic 
recordings of the tubal contractions were obtained at weekly inter- 
vals, employing the Rubin insufflation apparatus.* The patients were 
then each given a course of estrogen injections in the form of estra- 

5 Salmon, U. J., Proc. Soc. Exp. Brop. and Muxp., 1937, 37, 488. 

® Loeser, A, A., Lancet, 1938 (Feb, 12), 373. 

1 Geist, S. H., Salmon, U. J., and Mintz, M. E., Am. J. Obst. and Gyn., in press. 

® Rubin, I. C., J. A. M. A., 1920, 75, 661; 1928, 90, 99. 
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PRESSURE Mms. MéaRcvaY 


PRESSURE Mms. MERCURY 


PRESSURE Mms. MERCURY 


TIME. MINUTES 


Fie. 1. 
Case M.K. Age 47. Last menstrual period 18 months before. 
L. Preliminary recording, showing absence of tubal contractions. 
II. Tubal contractions after 820,000 I.U. estradiol-benzoate. 
TI. Recording taken 2 hours after tracing (II) and after 20 mg proges- A 
terone—revealing inhibition of tubal contractions. 3 
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diol-benzoate* (Progynon-B). The total dosage varied from 450,000 
to 900,000 I.U. given intramuscularly in divided doses over a period 
of 10 days. At the end of the course of estrogen injections, record- 
ings of tubal contractions were again obtained. In each case the 
preliminary control recording revealed a complete absence of tubal 
contractions and, after the estrogen administration, regular rhythmic 
fluctuations appeared. 

Immediately following the last recording of tubal contractions, the 
patients were given 20 mg of progesterone* (Proluton) intramus- 
cularly in 4 cc of sesame oil. The patients were then again insuf- 
flated 2 hours later. The recording taken 2 hours after the adminis- 
tration of the progesterone revealed a complete absence of pressure 
fluctuations, indicating inhibition of tubal contractions. The kymo- 
graphic recordings of a typical case are presented in Fig. 1. 

It would appear from the results of these experiments that the 
Fallopian tube contractions which are induced by estrogenic hormone 
can be inhibited by progesterone. 
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Assay of a Vitamin K Preparation for Vitamin D. 


H. S. Wicopsky AND A. C. Ivy. 


From the Department of Physiology and Pharmacology, Northwestern University 
Medical School, Chicago. 


Vitamin K preparations have been used as therapeutic measures 
in the treatment of the bleeding tendency in patients with jaun- 
dice.» *»* McNealy, Shapiro, and Melnick* demonstrated that the 
administration of Vitamin D (Viosterol) to patients with jaundice 
leads to a marked decrease in the ‘“‘venostasis bleeding time.’ This 


* For the Progynon-B and Proluton used in these experiments, we are indebted 
to Drs. Gregory Stragnell and Erwin Schwenk of the Schering Corporation, Bloom- 
field, N. J. 

1 Warner, E. D., Brinkhous, K. M., and Smith, H. P., Proc. Soc. Exp. Brot. 
AND MED., 1937, 37, 628. 

2 Snell, A. M., Proc. Staff Meetings Mayo Clinic, 1938, 13, 65. 

3 Butt, H. R., Snell, A. M., Osterberg, A. E., Proc. Staff Meetings Mayo Clinic, 
1938, 13, 74. 

4 McNealy, R. W., Shapiro, P. F., and Melnick, P., Surg. Gynec. and Obst., 
1935, 60, 785. 

5Ivy, A. C., Shapiro, P. F., and Melnick, P., Surg. Gynec. and Obst., 1935, 
60, 781. 
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work has been confirmed by Boys.® Both these vitamins are fat solu- 
ble, and bile or bile salts are administered with them, when given to 
jaundiced patients, because bile salts appear to be essential for the 
absorption of both. ”* Regardless of the method of preparation 
of the Vitamin K being used clinically, we thought it advisable to 
assay the preparation for Vitamin D content to ascertain if the clin- 
ical results might be attributed to Vitamin D. Accordingly, a sample 
of a Vitamin K preparation prepared by Dr. Dann of the Abbott 
Laboratories was obtained. This preparation of Vitamin K would 
protect chicks from developing avitaminosis K when fed at a level 
of 0.01% of the diet. This preparation was then subjected to the 
U.S. P. XI biological test for Vitamin D. 

Twenty-four rats, 28 days of age, were divided into 3 groups and 
placed in individual cages on a rachitogenic diet. One animal from 
each group was sacrificed at the end of the depletion period (25 
days) to demonstrate the degree of the rickets—4-+ in each group. 

Group 1 received 5 mg (1/40th of the human dose) of the Vita- 
min K concentrate in 0.1 cc of peanut oil daily for 8 days. Group 2 
received 0.5 international units of Vitamin D as Viosterol for 4 
days, then 1 unit daily for the succeeding 4 days. This was ad- 
ministered in 0.1 cc peanut oil daily also. Group 3 received 0.1 ce 
oil daily for 8 days. All groups were removed from medication on 
the ninth and tenth days, and were killed on the eleventh day fol- 
lowing the beginning of treatment. 

Group 1 (Vitamin K treated) showed no healing at the end of 
the period. Group 2 (Vitamin D treated) showed 3 rats with 3+ 
healing and 4 rats with 4+ healing at the end of the period. Group 
3 (peanut oil treated) showed no improvement at the end of the 
period; all were rachitic. 

Summary, It is evident, then, that, in the doses given, this prep- 
aration of Vitamin K known to be potent in the treatment of the 
hemorrhagic diathesis of chicks does not contain eee Vitamin 
D to cause healing in rachitic rats. 


6 Boys, #, Surgery, 1937, 2, 817. 
7 Greaves, J. D., and Schmidt, C. L. A., Am. J. Physiol., 1935, 111, 492. 
8 Greaves, J. D., and Schmidt, C. L. A., Univ. Calif. Pub. Physiol., 1934, 8, 48. 
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Effect of Liver Extract, Injected Parenterally into Pregnant 
Mother, on Erythrocytes of Newborn Rats. 


H. S. Wicopsky anp A. C. Ivy. 


From the Department of Physiology and Pharmacology, Northwestern University 
Medical School, Chicago. 


A report by Stasney, Higgins, and Mann’ indicated that the 
parenteral administration of the concentrated gastric juice of man 
and swine into the pregnant albino rat caused a reduction of the 
maximal size of the erythrocytes of the newborn pups. The results 
suggested that the reduction in the size of the erythrocytes was due 
to the presence of an anti-pernicious anemia factor. If that were 
true, we thought that the effect might serve as a laboratory test for 
the presence of the anti-pernicious anemia factor in liver extract. 
Accordingly, an experiment has been performed to test such an 
hypothesis, in which we have directed our attention to the mean, 
rather than the maximal, diameter or size of the erythrocytes. 

Our stock albino rats were used, which are an inbred strain de- 
rived from a cross between a Wistar and Chicago alley rat. The 
pregnant rats were placed in individual cages and fed a diet of 
Purina dog biscuits and powdered milk, water being available at all 
times. Ninety newborn of 12 pregnant rats served as controls. 
Seventeen other pregnant rats were injected intraperitoneally with 
0.2 cc of a liver concentrate, a relatively large dose, from 2 to 14 
times on separate days prior to delivery. These rats delivered a 
total of 110 pups. The liver concentrates used were obtained from 
Eli Lilly and Company (Reticulogen) and from Chappel Brothers 
(Liver Extract Concentrated), and was known to be potent by 
actual tests on patients having pernicious anemia. No ill effects 
from the injections were observed. The blood of the pups of the 
treated and untreated mothers was collected and studied usually 
within 2 hours after birth. The blood was obtained by cutting off 
the tail. The erythrocytes were enumerated with a standardized 
pipette. Because of the small amount of blood, hematocrit deter- 
minations were made on the combined heparinized blood of 3 pups 
by the method of Rosahn.* Hemoglobin was estimated by the New- 


1 Stasney, J., Higgins, G. M., and Mann, F. C., Proc. Staff Meetings Mayo 
Clinic, 1937, 12, 699. 
2 Rosahn, P. D., Proc. Soc. Exp. Brot. AND Mepb., 1931, 28, 491. 


Liver Extract AND NEWBORN RATS 


788 


8} UIOG AOU [[B UL OANSVOUT [[90 pod JsodIV] OY} JO IOJoOWNVIP OsvIOAV OUT} 
‘4e1 UL0gMOU AUB UL POAIOSGO ZI [[00-pol WOU WINUIXVUL OY], » 
3 = 16'8 IST 6'TF gle LL°3 OL Ti S4V— 
pe'L Z8°IT 0L°8 Ze'6 10° + 20°6 69T Wor B9°ST 0s°2 L T hee 7h 
G9°L 98 TL 9F°8 £6°6 OL’ + ¥8°8 a 8°21 16S 6 T eam Pe 
88°L 8L°TL 86°8 98°6 60° + 21'6 = SPIT .. 88'3 17 I gi) ci 
ors TTL 128 Go'6 ch = &l6 LLT 0'8h 40'FL 13 9 I Lie ae 
TL'9 ¥'IL 9L'8 G88 £0° + 18'8 L¥T 00% 89°F1 1L'3 g I Cae 
S6'L 99°01 1¥°8 Ge°6 Il’ + 968 = OF FL 61'S L T Steet 
66°L eT 18°8 63'6 GO" = 40°6 7a 0°18 8°31 16°3 8 I Lemke tee 
G8'L OT TL L8'8 $2'6 G0" + &6'8 OST U3 86°C1 08°S 9% p Lome ey 
Ol + 20°6 PST g'0F 9ST 39'S OF 9 Bay— 
0o"L LS°01 63°8 ST'6 80° = 02'8 99T 8°88 O8'IT £8°3 II rd Cae, 
6r'L ert 19°8 BL'6 Il’ + 92'6 PPL £'68 06°31 BLS 8 I Po ees 
SL 63°TT 69°8 19'6 Ol’ + ST'6 CET OLE 93°FL bL°S 8 it oF eas 
POL 9 TL I1'8 $9°6 al + F1'6 £91 8h 83° FT bL'S g1 3 3 — poyeery, 
28°L 83'IL £2'8 LTT 90° = 80'6 OFT £88 PEL 89°S 06 ra 0 — Joayuog 
S[[90 s[[90 aZIg aZIg bitrd:190) ‘OA Jtdo0jyeMIEeA °99 OOT *[LuL sdnd 810941] smotzooluy 
qso[[eus  4sodiIey wesyl mee, [[90-per ‘diop wds-qH ‘Oa@y Joon jo-on JO ‘ON 
“USIP ‘meIp mag, x XBW wesyy uBeyl 
day {say Vv 
) a 
‘T @1aVL 


Liver ExTRACT AND NEWBORN RATS 789 


comer method. The mean red cell diameters (Price-Jones counts) 
were determined under oil immersion (1212X) by a standardized 
and calibrated disc on blood smears stained with Wright’s stain, 
100 consecutive cells were measured. Only very thin smears, or 
smears in which the red cells did not touch one another, were used. 

The averaged results are shown in Table I. The normal mature 
rats in our colony have a mean erythrocyte count of approximately 
9.0 million, 14.5 g of hemoglobin per 100 cc of blood, and a mean 
red cell diameter of 6.29 micra. When these figures are compared 
with those for the newborn rats, it is evident that the newborn rat 
has an erythopenia which is compensated for by a macrocytosis, 
since the hemoglobin values of the newborn are only slightly less 
than that of the adult. However, the blood picture of the newborn 
rats was not significantly altered by antenatal injection of the moth- 
er with liver extract of known potency. The mean red cell diameter 
of the pups of the untreated controls was 9.08+0.06 micra (range 
11.72 to 8.23) ; in the pups of the mothers receiving up to 6 injec- 
tions it was 9.07 micra; in the pups of the mothers receiving 6 to 
14 injections it was 8.97+0.12 micra. It is to be noted that the wide 
range observed in the diameters of the erythrocytes (or the aniso- 
cytosis) of the untreated newborn was reduced by the treatment, 
although the mean diameter, mean corpuscular volume, and other 
values were not significantly changed. However, there were but 
3 normal pups examined whose mean red cell diameters exceeded 
9.74 micra (these were 11.72, 10.44, and 10.78 micra). 

The mean red cell diameters observed by us for newborn rats 
(9.07 micra) is at variance with that reported by Stasney, et al.,° 
Wills,* and Smith.’ Stasney, et al., obtained a value of 9.54 micra, 
Wills a value of 8.62 micra on only 4 newborn rats, and Smith a 
value of 8.65 micra on only 5 newborn rats. Our mean determina- 
tions of the number of erythrocytes agree with those of Jolly 
(2.31),® Chisholm (2.69),’ Jolly (2.76),* Sure, et al., (2.8),* and 
Kindred and Corey (2.48).*° However, the hemoglobin values vary 
to a greater extent. The differences observed may be due to a dif- 

3 Stasney, J., and Higgins, G. M., Proc. Staff Meetings Mayo Clinic, 1937, 
12, 490. 

4 Wills, L., and Mehta, M. M., Ind. J. Med. Res., 1930, 18, 307. 

5 Smith, C., J. Path. and Bact., 1932, 852, 717. 

6 Jolly, J., Comp. Rend. Soc. Biol., 1909, 2, 136. 

7 Chisholm, R. A., J. Exp. Physiol., 1911, 4, 207. 

8 Jolly, J., Comp. Rend. Soc. Biol., 1919, 82, 800. 

9 Sure, B., Kik, M. C., and Walker, D. J., J. Nutrition, 1929, 1, 299. 

10 Kindred, J. C., and Corey, E. L., Anat. Rec., 1930, 47, 213. 


790 Liver Extract AND NEWBORN RATS 


ference in diet, breed, or technic. Regardless of the differences in 
the mean red cell diameters of our newborn rats and those of Stas- 
ney, et al., we doubt that there is a trend toward a decreased mean 
red cell size in the newborn rats of the mothers receiving injections 
of liver extracts known to contain the anti-pernicious anemia sub- 
stance. 

These results are compatible with the findings of Wigodsky, 
Richter, and Ivy,” that fetal livers of calves are abundantly filled 
with the anti-pernicious anemia factor. Hence, it can be hypothe- 
sized that the addition of more anti-pernicious anemia factor to 
hemopoietic systems already well supplied should incite no differ- 
ences in the erythrocyte picture of the animals. These data bear 
out this hypothesis. Our results should not be interpreted as im- 
plying that gastric juice concentrates are ineffective or that our 
results and those of Stasney, ef al.,* are contradictory. 

Wintrobe, et al.,*° have reported similar results in rabbits. They 
could observe no change in the red blood cell size of the newborn 
rabbits whose mothers had been injected intramuscularly with a 
potent liver extract. In one case they succeeded in injecting the 
extract into one uterine horn; the red blood cells of the fetuses of 
the injected horn did not differ significantly from those of the 
fetuses of the uninjected horn at term. 

Summary. Data concerning the erythrocyte picture of newborn 
tats whose mothers had been treated antenatally with liver extracts 
known to contain the anti-pernicious anemia factor has been pre- 
sented and shown to be not statistically different from that of un- 
treated controls; or the antenatal injection of liver extract into a 
pregnant rat has no significant effect on the mean red cell diameter 
of the newborn rats. 


11 Wigodsky, H. S., Richter, O., and Ivy, A. C., Proc. Am. Phys. Soc., 1938, 214. 
12 Wintrobe, M. M., Kinsey, R. E., Blount, R. E., and Trager, W., Am. J. Med. 
Se., 1937, 193, 449. 
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10017 P 
On the Nature of the Toxic Action of Vitamin D. 


C. IL. REeEp. 
From the Department of Physiology, University of Illinois College of Medicine. 


Early experience with incompletely purified preparations of vita- 
min D demonstrated a high degree of toxicity which was first 
ascribed to by-products such as toxisterol and tachysterol. Later 
calciferol also was found to be toxic in large doses. While hyper- 
calcemia commonly occurs with intoxication from calciferol, vio- 
sterol, toxisterol or tachysterol, it has been amply demonstrated 
that hypercalcemia is not per se the cause of toxicity. 

The fact that the symptom complex of intoxication is identical, 
qualitatively, when produced by any of these agents leads to a ten- 
tative assumption that intoxication in each case may not be due 
fundamentally, to hypervitaminosis D, but to the formation of toxic 
products either in the alimentary canal or in the process of in- 
trinsic metabolism when an excess of the vitamin in the form of 
calciferol or viosterol has been administered. 

Crystalline ergosterol dissolved in ether was irradiated with a 
quartz mercury vapor lamp, according to directions kindly supplied 
by Dr. F. G. McDonald. One lot assayed by the line test yielded 
9,000,000 (+15%) units per gram of original ergosterol. A part 
of this was recovered from the ether without purification; conse- 
quently the material comprised a mixture of calciferol, ergosterol 
and other products in unknown proportions. 

A portion of this material was then further irradiated and on re- 
covery without purification yielded, on assay, 3,000,000 (+15%) 
units of vitamin D per gram of original ergosterol, showing that 
there had been further decomposition so that there must have been 
still a larger proportion of other products and less unchanged ergo- 
sterol (Gp II). 

Next, a solution of calciferol in oil, 1,000,000 units per gram of 
solution, was allowed to stand open in a warm room until it became 
cloudy and the quality of taste was markedly altered. On assay 
this was found to contain only 50,000 units per gram (Gp III). In 


‘Table I are shown the results of experiments on dogs with these 


preparations. 

Group I comprised 12 male dogs of comparable age, weight 
and physical condition. These were given daily by mouth 12,000 
vitamin D units of the first preparation per kilo of body weight. Of 
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TABLE J, 


Vitemin D No, toxic Assay of preparation, Units 
Group =o, dogs TM./kg/day mibdays per g of original ergosterol 


r iy 12,000 7 9,000,000 (£15%) 
if 14 4,000 11 4,000,000 (+15% ) 
uy 14 #00 9 C 
1V 4 20,900 0 t 


 *Viosterol 1,000 100 units por gram, 16,000,000 units per gram of original 
ergonero)), Allowed to decompose until assayed at 50,000 units per gram. 

1 Viowteorol (1,000,000 unite por gram), Mock solution prepared from material 
prutionly tree trom toxisterol, wat containing » small amount of unchanged 
ergosterol, 
these, 7 showed definite evidences of intoxication in 15 days, when 
the experiment was discontinued, 

Group I comprised 11 male and 3 female dogs, comparable to 
those in Group I, These were fed daily 4,000 units of vitamin D 
per kilo in the form of the second preparation, which had been 
overitradiated, Of these, 9 males and 2 females were intoxicated 
in 15 days, 

Group IIL consisted of 8 males and 5 females. These were fed 
daily of the decomposed material an amount sufficient to make up 
00 vitamin D units per kilo, Of these, 3 females and 6 males be- 
came toxic in 15 days, 

Group lV. Of 14 dogs receiving daily 20,000 units of vitamin D 
jer kilo in the form of viosterol (1,000,000 units per gram), none 
showed any symptoms of intoxication within 15 days, yet they re- 
ceived the largest dose in vitamin D units, 

These experiments strongly suggest that the degradation products 
were responsible for the intoxication, It is possible that the intoxi- 
cation resulting from doses of calciferol above 20,000 units per kilo 
per day may he due to formation of similar compounds when the 
organism is overloaded with the vitamin, 
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Metabolism Body Size and Age in Baby Chicks. 


Max KLEIBER. 
From the College of Agriculture, University of California, Davis.* 


The metabolic rate of homeotherms is determined by body size to 
such a degree that for a great variety of animals from rat to steer 
the daily heat production in kilocalories during fasting can be pre- 
dicted by the same formula, namely, 72 W™, in which W stands 
for the body weight in kilograms.* 

Kleiber and Dougherty*® have observed that the metabolic rate per 
kg™ of abundantly fed baby chicks increased with increasing age. As 
a general rule the metabolism of the full fed animal parallels the fast- 
ing katabolism.* It was, therefore, assumed that the fasting katabo- 
lism per kg“? of baby chicks increases also with increasing age 
which would mean a deviation from either 34 power—or surface 
law of metabolism. This assumption has been confirmed by 2 series 
of respiration trials. In one series (30° series) 5 groups of 10 chicks 
per group were used, representing the ages of 12, 14, 16, 18, and 
20 days. The metabolic rate was measured during 12 hours from 
8 p.m. to 8 a.m., starting 24 hours after withdrawal of food. The 
temperature during fast and respiration trial was kept at 30°C, 
the humidity at approximately 50%. The apparatus used was the 
same as that described earlier.* 

In a second series (35° series) 6 groups of 18 chicks represented 
the ages of 1, 5, 8, 12, 16, and 20 days. The metabolic rate was 
measured during 4 hours, 11 a.m. to 3 p.m., starting 17 hours after 
withdrawal of food. For the duration of the fast and respiration 
trial the temperature was kept at 35°C. During the respiration trial 
the humidity was close to saturation. (In earlier unpublished trials 
we had found that very wide variations in humidity did not meas- 
urably affect the metabolic rate of baby chicks at temperatures be- 
low 37°C.) The apparatus used for the measurement of the respi- 
ratory exchange has been constructed at our station for serial work 
with rats. It consists of 7 respiration chambers, each connected to a 

* The author acknowledges the help of Dr. T. Jukes, Poultry Division, Univer- 
sity of California. 

1 Kleiber, M., Hilgardia, 1932, 6, 315. 

2 Kleiber, M., and Dougherty, J. E., J. Gen. Physiol., 1934, 17, 714. 

8 Kleiber, M., Tiererndhrung, 1933, 5, 6. 

+ kg&% means the unit of body weight in kilograms raised to the % power. 
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rocking absorbing battery and a burette filled with oxygen. Water 
from a Mariotte bottle runs into these burettes and drives oxygen 
to the chambers at the same rate as it is consumed by the animal. 
Three chicks were put into each of 6 chambers, one chamber was 
used as a blank. 

In 9 trials R.Q.’s higher than 0.75 were found. We omitted the 
data of these trials from our calculations. However, we found that 
the final result would have been essentially the same if it had in- 
cluded these data. 

The daily heat production per kg” is plotted against age in Fig. 1, 
together with results calculated from data published by Barott and 
his coworkers.* 

Fig. 1 shows that the influence of age on the metabolic rate per 
kg” in each series can be approximated by a straight line. These 


Age and Metabolism 
in BabyChicks 


3 
Cals. per kg* ber day 


10 ZO 
A ge in days 


+: 35°C, \Thours fast; oR.Q>75 
O:30°C,2% » 

@:32°C, 66 + - (Barott) 
~x-x: basal metabol. Hens(Mitchell) 


Fie. 1. 


4 Barott, H. G., et al., J. Nutr., 1938, 15, 150. _ 
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lines were calculated by the method of least squares. The results 
at one day of age have been omitted from this calculation since they 
do not represent fasting katabolism on account of unabsorbed yolk 
as shown by Barott and his coworkers.” 

The results of the 3 series are not directly comparable. They 
were obtained at different environmental temperatures, but more 
important than these temperature differences seem to have been the 
differences in the length of the fasting period prior to the respiration 
trial. Thus the metabolic rate of the chicks of the 35° series, that 
had fasted only 17 hours was higher than the rate of the chicks 
with longer fasting periods even though the environmental tempera- 
ture for the longer fasting chicks was lower, which ordinarily tends 
to increase rather than decrease the metabolic rate. 

The main point of interest in the comparison of the 3 series is the 
fact that despite the differences in the experimental conditions all 3 
series show a similar effect of age on the metabolic rate per kg”. 
In order to compare this effect in one series with that in another the 
metabolic rate per kg” in each series can be regarded as the sum of 
a theoretical rate at birth and an increment for each day increase in 
age proportional to the rate at birth. This formulation is expressed 
by the following equation: 

Ba = Bo(1 + aa) 
in which B, = metabolic rate per kg” at a days of age 


ae = ” sau) eis 39 ” birth (extrapolated ) 
a =age in days 
a =age coefficient 


The age coefficient for the 3 series in Fig. 1 is 0.026 kilocalories 
per kg per day for the 30° series, 0.021 for the 35° series, and 
0.022 for Barott’s results. The metabolic rate per kg of fasting 
chicks up to 20 days of age increases thus approximately 2% of 
the extrapolated metabolic rate at birth, for each day increase in age. 
The corresponding figure for full fed chicks calculated from the 
data mentioned above*® amounts to 1.5%. 

This relation of age on metabolic rate cannot be extrapolated 
beyond the age of 25 days. A calculation based on Barott’s re- 
sults* shows a maximum of the metabolic rate per kg” at 25 days of 
age, and the corresponding metabolic rate of mature hens calculated 
from data published by Mitchell and Haines*® amounts to only 63.8 
kilocalories* per day per kg”, which level is indicated on Fig. 1 for 
comparison. 


5 Barott, H. G., et al., J. Nutr., 1936, 11, 191. 
6 Mitchell, H. H., and Haines, W. T., J. Agr. Research, 1927, 34, 927. 
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TABLE I. 
Relation of Metabolic Rate per Unit of Body Size to Age in Baby Chicks. 
Daily metabolic rate kilocalories per kg per kg’ per kg% 
(weight) (surface) 
i. tom gee aN iar eft Avene ‘emery ya 
Environmental temperature °C 30 35 30 35 30 2=— 335 
Hours fast prior to resp. trial 24 17 24 17 24 «17 
Coefficient of correlation 79 23 AO 98) ok 
Linear Regression: 
Extrapolated metabolic rate at birth, 
kilocalories 156.0 178.6 61.5 70.6 45.8 52.2 
Age coefficient: Increase in metabolic 
rate for each day increase in age, 
keal 1.50 0.32 1.60 1.47 1.40 1.45 
Age coefficient in % metabolic rate 
at birth, % 1.0 0.2 2608 eae BES i) 


Standard deviation of single meas- 
urement from predicted value, keal 
Standard deviation in % metabolic 
rate at birth, % 2.7 3.1 2.1 


4.2 5.6 13 4.2 0.9" 3.7, 
6.0 2:0) aid 


Table I contains the essential statistics for the influence of age on 
the metabolic rate per unit weight and per unit surface area in com- 
parison with that per kg. It shows that the metabolic rate of fasting 
chicks increases with increasing age even if it is expressed per unit of 
body weight. In the 30° series this increase was quite distinct (corre- 
lation coefficient 0.8) amounting to 1% per day. The corresponding 
age coefficient of the metabolic rate per unit body weight in the 35° 
series was only 0.2% and the correlation coefficient in this case was 
only 0.2. In this series the metabolic rate per unit weight can there- 
fore be summarized irrespective of age. It is 182.44 1.7 kilo- 
calories per day per kilogram body weight and the coefficient of 
variation of a single value from this mean is only + 4.3%. The 
metabolic rate per unit surface area (kg”) in the 2 series in Table I 
increases approximately 3% of the extrapolated rate at birth for 
each day increase in age. 

Summary. Fasting baby chicks from 5 to 20 days of age showed 
an increase in metabolic rate with increasing age. This increase 
was 0.2 to 1% per day for the metabolic rate per unit body weight, 
2% per day for the metabolic rate per kg% and 3% for the 
metabolic rate per unit surface area. Baby chicks thus deviate 
systematically from the rule which is valid for the relation of body 
size and metabolism in mature homeotherms. This confirms an 
earlier deduction based on an observation on full fed baby chicks. 


} Per cent of the extrapolated rate at birth. 
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Presence of Antithyrotropic Substance in Serum of Rats Injected 
Chronically with Rat Pituitary Extract.* 


EveELYN ANDERSON AND HERBERT M. EVANS. 
From the Institute of Experimental Biology, University of California, Berkeley. 


It was reported by Katzman, Wade and Doisy* that female rats 
receiving chronic implantation of anterior lobes of the same species 
for as long as 9 months still possessed enlarged ovaries and that 
there was no evidence of the existence of gonadotropic- or thyro- 
tropic-inhibitory substances in the plasma of these rats. 

We have carried out an investigation with regard to the thyro- 
tropic hormone which sufficiently parallels the method used by these 
workers so that we feel a comparison of results is justifiable. A 
group of rats were injected daily with an alkaline extract of rat 
anterior pituitary for periods of 18 to 122 days. Each rat received 
the equivalent of 1 or 2 adult pituitaries daily. The serum was col- 
lected from these animals at the time of autopsy. This was exam- 
ined for antithyrotropic substance, using immature guinea pigs as 
the test animal. The animals were given 1 or 2 cc of serum daily 
for 4 days. On the second, third and fourth days, a standard alka- 
line extract of beef pituitary was injected, the total dose for the 
3 days being equivalent to 6 adult rat pituitaries, which was the 
amount used by the workers referred to above. The O, consump- 
tion of the guinea pigs was measured daily during the 5-day test 
period. The animals were autopsied on the fifth day, which 
was 96 hours after the first injection of pituitary extract. The fail- 
ure of the rise in O, consumption of test animals to the expected level 
with a standard dose of thyrotropic hormone when serum was given, 
has been taken as an indication of antithyrotropic activity of the 
serum. Our results are shown in Table I. It was found that 4 cc 
of rat serum had very little effect in preventing the rise in O2 con- 
sumption, while 8 cc of serum caused a significant depression of the 
O, consumption. The St. Louis investigators did not use a dose of 
serum greater than 4 cc. This may explain their failure to obtain 
evidence of antithyrotropic activity. 


* Aided by grants from the Board of Research of the University of California 
and Rockefeller Foundation of New York City. 

We wish to acknowledge assistance rendered by the Federal Works Progress 
Administration, Project No. 7787. 

1 Katzman, P. A., Wade, N. J., and Doisy, E. A., Endocrinology, 1937, 21, 1. 
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TABLE I. 
Inhibitory Effect of the Serum from Rats Injected Chronically with Rat Anterior 


Pituitary Extract Using O2 Consumption in Guinea Pigs as the Test Method. 


Donors’ 
No. of days serum No. of % change 
donors total dose test in O» 
injected ce animals consumption 


1. Standard dose thyrotropic hormone 
only 25 +25 


2. Normal rat serum — 8 10 +20 
3. Serum from rats injected with rat 

pituitary extract 18 4 2 +24 
4. Serum from rats injected with rat 

pituitary extract 35 4 4 +23 
5. Serum from rats injected with rat 

pituitary extract 35 8 6 +10 
6. Serum from rats injected with rat 

pituitary extract 39 8 i +14 
7. Serum from rats injected with rat 

pituitary extract 122 4 4 +18 
8. Serum from rats injected with rat 

pituitary extract 122 8 2 + 9 
9. Serum from rats injected with beef 

pituitary extracts* 120 b 13 — 2 


The test guinea pigs received a total dose of standardized extract of beef 
pituitary which was equivalent to 6 adult rat pituitaries in terms of thyrotropic 
MTN donors in this series were injected with an alkaline extract of beef 
anterior pituitary. The daily dose had 10 times the thyrotropic activity of one 
adult rat pituitary. 

It may well be that if larger doses of thyrotropic hormone from 
rat pituitaries had been injected over a prolonged period, a serum 
more potent in antithyrotropic activity would have been obtained. 
We have included in Table I the effect of serum from rats which 
had been injected with beef pituitary extracts for 120 days, receiv- 
ing a daily dose of thyrotropic hormone equivalent to 10 rat pitui- 
taries, which was 5 to 10 times the dose given the rats in the other 
series. Four cc of this serum completely inhibited the effect of the 
standard test dose of thyrotropic hormone. 

Conclusion. The injection of rat pituitary extract into rats 
gives rise to an antithyrotropic substance in the serum of these 
animals. This was detected by the depressing effect of the serum 
upon the O, consumption of guinea pigs receiving a standard dose 


of thyrotropic hormone. 
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Cultivation of the Virus of St. Louis Encephalitis.* 


E. W. Scuuttz, G. F. WILLIAMS AND A. HETHERINGTON. 


From the Department of Bacteriology and Experimental Pathology, Stanford 
University, California. 


Syverton and Berry’ reported the successful cultivation of the 
virus of St. Louis encephalitis (epidemic encephalitis, Type B) 
in a medium containing minced living embryonic mouse-brains. 
Later, Harrison and Moore,” confirmed this work and in addition re- 
ported success in propagating the virus on the chorioallantoic mem- 
branes of developing chicks. This paper is a confirmation of both 
these reports. 

The methods followed in our studies were in all essential re- 
spects the same as those reported by our predecessors. The mouse- 
embryo method was the same as that employed by Syverton and 
Berry, with the exception that 0.4 cc of material was transferred 
serially to culture-wells containing 2.5 cc of Tyrode’s solution, 0.5 
cc of normal rabbit serum and 0.5 cc of finely minced embryonic 
brains in Tyrode’s solution (five, 14-day embryo-brains in 10 cc 
Tyrode’s). Both the Li and Rivers® collar-flasks and 1 ounce flat- 
sided screw-cap bottles were used as receptacles for the medium. In 
propagating the virus on chorioallantoic membranes we initially 
followed the procedure (work carried out in 1936) described by 
Woodruff and Goodpasture,* and later a modification of this technic 
introduced by Burnet.° One-tenth cubic centimeter of a 10% sus- 
pension of the freshly harvested membrane in Tyrode’s was inocu- 
lated in making the transfers. Ten- to 14-day eggs were employed. 
Webster’s virus, strain No. 3, was used throughout. 

The embryonic mouse-brain cultures of the virus were carried 
through 16 passages, with a final titer of 10°. From the 6th 
passage on, the virus was also carried on 2 additional media: (a) 
minced adult brain in place of embryonic brain, (b) minced adult 
brain without serum; the difference in volume was made up with 


* These studies were supported by the Mary Hooper Somers Fund for Filter- 
able Virus Research. 

1 Syverton, J. T., and Berry, G. P., Science, 1935, 82, 596. 

2 Harrison, R. W., and Moore, E., Proc. Soc. Exp. Bion. anp Mep., 1936, 35, 
359; Am. J. Path., 1937, 18, 361. 

3 Li, C. P., and Rivers, T. M., J. Hap. Med., 1930, 52, 465. 

4 Woodruff, A. M., and Goodpasture, E. W., Am. J. Path., 1931, 7, 209. 

5 Burnet, F. M., Med. Research Council, Special Rept. Series, No. 220, 1936. 
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Tyrode's solution. In both cases the virus was carried to the 12th 
passage (6 passages on adult brain), but in both it disappeared by 
the 14th passage. 

A. 7th-passage culture in embryonic mouse-brain after storage 
at 37.5°C for 35 days, caused fatal infection in mice. 

On chorioallantoic membranes the virus was carried in one series 
through 15 passages; in another, through 16 passages, and in a 
third series through 22 passages. The first series was run by the 
shell-flap technic of Goodpasture, et al.,* the last 2 series by the 
artificial air-sac technic of Burnet.” In the first series transfers 
were made with 0.1 cc of a 1:5 suspension of the previous mem- 
brane; in the second and third 0.1 cc of a 1:10 suspension was inoc- 
ulated, In the first 2 series the inoculated membranes at no time 
proved infectious in dilutions above 10°. In the third series it was 
10° at the 5th passage, 10° at the 11th passage, 210 at the 17th 
passage and 2X10" in the 22d passage. This is considerably above 
that previously reported, ‘Titration of the virus in brains of in- 
fected embryos (age 13 to 16 days) in the 17th passage was 210%, 
This suggests that the virus proliferates more actively in the brain 
than in the chorioallantoic membrane. 

Changes similar to those previously described? were observed in 
chorioallantoic membranes, In the gross these ranged from a faint 
whitish stippling to a diffuse thickening with a certain amount of 
opacity, hyperemia, and hemorrhage. These changes were most 
evident after the third day, at which time foci of necrosis began to 
appear in the thickened areas, ‘These increased in extent and death 
of the embryo occurred between the sixth and seventh day. Micro- 
scopically the membranes showed foci of ectodermal (sometimes en- 
dodermal) hyperplasia, vacuolation and necrosis of epithelial cells, 
and a purulent surface-exudate. The mesoderm often showed 
edema, polymorphonuclear-cell infiltration, and occasionally some 
increase in fibroblasts. The cytoplasm of some of the ectodermal 
cells presented small, round basophilic (sometimes eosinophilic) 
bodies of varying size. As D’Aunoy and Evans’ have recently 
pointed out, certain of these changes, including the inclusion-bodies, 
may appear in chorioallantoic membranes under natural conditions, 
These changes, however, tend to be much more prominent in virus- 
inoculated membranes than in normal membranes and are supple- 
mented by ectodermal necrosis and polymorphonuclear-cell infiltra- 
tion, 


46 D’Aunoy, R., and Hivans, I, Li, J. Path. and Bact. 1937, 44, 1937, 
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Appearance of Vacuolated Cells in Hypophysis of Triturus 
torosus Following Bilateral Thyroidectomy.* 


CLIFFORD GRoBSTEIN. (Introduced by B. M. Allen.) 


From the Department of Zoology, University of California at Los Angeles. 


This paper is a report of studies made upon the morphological 
response of the anterior lobe of the hypophysis following bilateral 
thyroidectomy in the salamander, Triturus torosus. The work was 
undertaken as a prelude to physiological studies upon amphibia 
designed to throw light upon the possibility of a reciprocal action 
between the thyroid and hypophysis. It seemed necessary to deter- 
mine first whether or not the anterior lobe of a typical amphibian 
shows morphological changes after thyroidectomy such as have 
been reported by numerous investigators in the mammalia. (See 
Severinghaus’ for bibliography. ) 

The technic of thyroidectomy was essentially that recommended 
by Taylor.* Darkening of the integument” * occurred usually some 
15 to 25 days after operation. Animals were killed by decapitation 
after periods ranging from 5 to 114 days. 

All glands were fixed in Heidenhain’s “Susa’”’ (Sublimate-Tri- 
chloracetic Formalin) and imbedded by the dioxan method. Sec- 
tions were cut at 5 and stained in hematoxylin, acid fuchsin, and 
anilin blue. In several cases sections of the hypophyses from con- 
trol and thyroidectomized animals were mounted on the same slide 
to ensure uniform treatment. 

Glands from 8 controls and 33 operated animals were studied. 
It appears that the most conspicuous change in the anterior lobe of 
Triturus torosus following thyroidectomy is the development of 
vacuoles in the cytoplasm of certain basophilic cells. The exact 
classification of these cells has not yet been worked out but it is 
supposed that they are degranulated basophiles. 

The vacuoles apparently first make their appearance in small clus- 
ters in one or 2 localized areas of the cytoplasm. They may be in 
close association with the nucleus or considerably removed from 
it, all on one side of the nucleus or scattered around it. From their 


* TI wish to express my sincere appreciation of the generous advice and encour- 
agement given by Dr. Bennet M. Allen during the course of this study. 

1 Severinghaus, A. E., Physiol. Rev., 1937, 17, 556. 

2 Taylor, A., J. Exp. Zool., 1936, 73, 153. 

3 Adams, A. E., Kuder, A., and Richards, L., J. Exp. Zool., 1932, 68, 1. 
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distribution it is hard to see how the Golgi material could be con- 
cerned in their formation. Cells in this early stage of vacuolation 
tend to be more numerous after short periods of thyroidectomy but 
are regularly present also after longer periods. 

The small vacuoles seem to coalesce fairly rapidly in later stages 
into larger ones of usually perfectly circular outline. These vary in 
size and number. In extreme cases they may occupy very nearly the 
entire cytoplasm and press in upon the nucleus. As many as 3 of 
these large vacuoles have been observed in a single cell. 

The time of the beginning of the vacuolation process has been 
roughly estimated. The thyroidectomized animals may be segre- 
gated into 2 groups, 10 animals kept 20 days or less after operation, 
and 23 animals kept 26 days or more after operation. In the 
group of shorter duration only 2 animals developed vacuoles. Of 
these 2 one had been kept 15 days and the other 20 days after oper- 
ation. In both cases the vacuolation was slight. Careful study of 
the glands of 8 other animals kept 13 to 20 days after thyroidectomy, 
as well as of 8 normal controls, revealed no significant vacuolation. 

In the group of longer duration of thyroidectomy (26 to 114 
days) only 4 out of 23 animals failed to show marked vacuolation. 
These 4 were also the only animals in the group which did not un- 
dergo the darkening of the integument characteristic of the thyroid- 
ectomized salamander.* On this basis, and because thyroid rem- 
nants were found in one of these animals, it is believed that they 
were incompletely thyroidectomized. 

Thus it may be said that 19 animals kept longer than 26 days 
after operation and rendered sufficiently hypothyroid to induce 
darkening of the integument showed vacuolation, while 8 animals 
kept less than 21 days failed to show vacuolation and 2 only bare 
beginnings. It is concluded that the vacuolation process in the 
anterior lobe first becomes evident about 3 weeks after thyroidec- 
tomy. 

A second change has been noted in these same basophilic cells in 
8 of the 19 glands which showed cytoplasmic vacuolation. The 
nuclei of certain of these cells, never more than 4 or 5 in a section 
and usually less, develop small clear areas in the midst of the 
chromatin material. In later stages this area enlarges and becomes 
basophilic, frequently with a mass of heavily basophilic material at 
the center. The phenomenon has all the appearances of a disinte- 
grative process. 


4 Adams, A. E., and Grierson, M. C., Proc. Soo. Exp. Bion. anp Mup., 1932, 
80, 341. 
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This nuclear change has been observed in cells both with and with- 
out cytoplasmic vacuoles. It has never been observed in an acido- 
phile nor in the basophiles of a non-vacuolated gland, whether con- 
trol or following a short period of thyroidectomy. It seems highly 
probable that there is some correlation between the nuclear change 
and the cytoplasmic vacuolation and that the former, like the latter, 
is a characteristic response to thyroidectomy in Triturus. 
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Choline and Pancreas Extract on Fatty Livers and Ketosis 
Due to Ant. Pituitary Extract. 


Eaton M. MacKay ANnp RicHarp H. Barnes. 
From the Scripps Metabolic Clinic, La Jolla, California. 


These experiments were carried out when there was reason to 
believe that the pancreas extract described by Dragstedt, et al.,* 
under the name of lipocaic was a new fat metabolizing hormone. 
Recent developments” * suggest that this substance owes its activity 
to the choline and protein content and somewhat diminish the orig- 
inal intent of this work. However, the data reported here are still 
of interest in connection with the further differentiation of factors 
influencing fat transport to and from the liver. 

The albino rats used were removed from the stock diet, fasted for 
24 hours, weighed and urine collections commenced. The adminis- 
tration of 2 cc of 5% NaCl per day to each rat insured good urine 
volumes. The rats comprising a given group through the 6 experi- 
ments were all treated simultaneously. The ketogenic anterior pitui- 
tary extract was prepared according to the method of Best and 
Campbell.* The rats in experiments 2, 3, and 5 received 4 cc per rat 
per day subcutaneously. The rats receiving choline hydrochloride 
were given 2 cc of 10% solution by stomach tube at the beginning of 
each 24-hour period of urine collection, The pancreas extract was 
prepared according to the method of Dragstedt, et al.,* and was ad- 


1 Dragstedt, L. R., Van Prohaska, J., and Harms, H. P., Am. J. Physiol., 1936, 
£175 178; 

2 Best, C. H., and Ridout, J. H., Am. J. Physiol., 1938, 122, 67. 

8 MacKay, E. M., and Barnes, R. H., Proc. Soc. Exp. Biob. AND MeEp., 1938, 
88, 410. 

4 Best, C. H., and Campbell, J., J. Physiol., 1936, 86, 190. 
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ministered in a solution containing 20.36% total solids and 2.42% 
nitrogen at a rate of 1 cc per sq dcm body surface per day. Nitrogen 
determinations were made by the macro Kjeldahl method and ketone 
bodies were determined by Van Slyke’s method. Liver “fat” was 
determined by saponification, acidification, and extraction with 
petroleum ether. 

The data presented in Table I show that the development of a 
significant ketonuria is uniformly accompanied by a deposition of 
fat in the liver which ensues when the anterior pituitary extract is 
administered to a fasting rat. Although both choline and the pan- 
creas extract may have caused a slight diminution in the liver fat 
content of the control rats neither of these agents had a significant 
influence upon the increase in liver fat produced by the anterior 
pituitary extract (Exps. 2, 3, and 5). The ketonuria of both the 
choline and pancreas extract treated control rats (Exps. 4 and 6) 
was very slightly but definitely less than that of the controls (Exp. 
1). The pancreas extract had no effect whatsoever upon the keton- 
uria due to the anterior pituitary extract although it was measurably 
reduced by the choline. This is in contrast to the ineffectiveness 
of choline in influencing the ketonuria which occurs during fasting 
after the production of a fatty liver by dietary means.° 

Summary. The deposition of fat in the liver of fasting rats due 
to certain anterior pituitary extracts is not influenced by the admin- 
istration of choline or a pancreas extract called lipocaic. The keton- 
uria which accompanies these fatty livers is not affected by the ad- 
ministration of the pancreas extract but is slighly reduced by feeding 
choline. 
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Classification of Streptococci from Cases of Endocarditis. 


HELEN Moran. (Introduced by M. S. Fleisher.) 
From the Department of Bacteriology, St. Louis University, St. Louis, Mo. 


Sherman* recently offered a method of classifying the strepto- 
cocci based mainly on physiological* tests which include growth at 


5 Deuel, H. J., Jr., Murray, S., Hallman, L. F., and Tyler, D. B., J. Biol. Chem., 
1937, 120, 277. 

1 Sherman, James M., Bact. Rev., 1937, 1, 1. 

*The term physiological includes all tests other than fermentative tests. 
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10°C and at 45°C, growth in the presence of 6.5% NaCl or in the 
presence of 0.1% methylene blue, liquefaction of gelatin, and reac- 
tion in litmus milk. 

It was the purpose of the study here reported to investigate the 
biochemical behavior of streptococci isolated from cases of endo- 
carditis and to attempt to correlate their reactions in Sherman’s 
tests with the reactions of the salivary streptococci or of the entero- 
cocci. The organisms investigated consisted of 20 strains isolated 
from the blood of cases which were clinically diagnosed as cases of 
endocarditis. These strains were submitted to us through the kind- 
ness of various hospitals throughout St. Louis and other cities of the 
United States. All organisms were found to be bile-insoluble. 

Table I shows the reactions of the endocarditis-organisms in the 
physiological tests which Sherman considers to be of primary dif- 
ferential value. Twelve of the organisms tested are similar to Strep- 
tococcus salivarius according to Sherman’s tests, 3 correspond to 
Streptococcus fecalis and 2 to Streptococcus zymogenes. Only in 
the case of the strain labeled Coffman is there any variation from the 
rule. This strain resembled Streptococcus fecalis in other ways but 
did not reduce the litmus of litmus milk until after the milk had been 
clotted. However, the other strains which resembled Streptococcus 
fecalis gave the typical reaction in milk, 7. e., reduction of the lit- 
mus before coagulation. The strains which resembled Streptococcus 
zymogenes showed the strong reduction which is typical for these 
organisms. Peptonization also occurred, additional evidence of 
their property of proteolysis. 

Three strains, which have been designated as the R endocarditis- 
strains, produced an alkaline reaction in milk and thus failed to cor- 
respond to any of the hemolytic and non-hemolytic streptococci 
thus far known. These organisms were peculiar in other character- 
istics. In morphology, they tended to become quite rodlike and to 
form very short chains upon cultivation in the laboratory, although 
on first isolation, they appeared to be typical streptococci. 

Many workers, previous to Sherman, based their classifications 
on fermentative reactions. Sherman considers these reactions to be 
too variable to use as a basis for the classification of the streptococci 
and considers the fermentative tests among those of secondary dif- 
ferential value. 

The streptococci from endocarditis were tested fermentatively. 
In Table II is shown the number of strains fermenting the various 
sugars, arranged by groups as defined by physiological reactions 
shown in Table I. It was observed that the organisms that resem- 
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bled the Streptococcus salivarius in their physiological reactions, 
closely resembled the salivary streptococci in their fermentative 
reactions. The percentage of these which fermented salicin, raf- 
finose, and inulin was somewhat lower than that given by Sherman. 
The 5 streptococci from endocarditis, which resembled the entero- 
cocci in their physiological reactions, also gave fermentative reac- 
tions typical of the enterococci. The Coffman strain again varied 
somewhat by its inability to ferment mannite or sorbitol. 

The R strains gave peculiar reactions in the sugars. They pro- 
duced acid very slowly in maltose, sucrose and lactose, and failed 
to ferment any of the other sugars. In this way, they resembled a 
possible fermentative type of Streptococcus salivarius. 

These results indicate that, in their physiological and fermentative 
reactions, the streptococci of endocarditis resemble one of two 
groups, the salivary streptococci or the enterococci. These results 
suggest that the streptococci concerned in endocarditis may be of 
endogenous source and that the source may be either the upper 
respiratory or the gastro-intestinal tract. 


10024 
Reflux into the Major Pancreatic Duct During Cholangiography. 


N. Locan Leven. (Introduced by O. H. Wangensteen. ) 


From the Department of Surgery, University of Minnesota Hospitals, Minneapolis. 


During the past ten years at the University Hospital, studies 
have been made of the biliary tract by means of cholangiography. 
The first cholangiogram of this series made in November, 1928, 
drew attention to the interesting phenomenon of reflux of contents 
of the common bile duct into the major pancreatic duct. In a 
patient having a persistent biliary fistula due to a stricture at the 
ampulla the major pancreatic duct was visualized on X-ray exam- 
ination. 

The cholangiograms were made by injecting radio-opaque solu- 
tion into biliary fistule or more often into T-tubes placed in the com- 
mon bile duct at the time of operation. One X-ray picture was 
taken immediately, followed by others at intervals to determine the 
emptying of the duct system. 

In 91 patients 203 cholangiograms were made. A reflux of the 
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radio-opaque solution into the duct of Wirsung was demonstrated 
in 21 cases (23%). This finding was not constant in the same 
individual since in 79 cholangiograms made in these 21 cases the 
reflux was seen 36 times. However, in one patient filling of the 
duct of Wirsung occurred reglarly in 6 cholangiograms made over a 
7-months period. That it may be difficult to demonstrate in an indi- 
vidual case is indicated by its occurrence in but 1 of 10 cholangio- 
grams made over a period of 2 years in one case and 4 years in an- 
other case. 

In 3 cases in which a reflux occurred, stones in the common bile 
duct were present and in 2 other cases a high grade stricture was 
noted. The remaining 16 cases presented varying degrees of spasm 
at the ampulla. It is obvious that a stone impacted at the ampulla 
of Vater is not a necessary or even common factor in conversion of 
the ducts into a continuous channel to allow reflux of bile into the 
duct of Wirsung. 

Doubilet* found the occurrence of reflux into the pancreatic duct 
from the common bile duct in about one-fifth of his cases and con- 
sidered spasm at the sphincter ampullz as the causative agent. 

In a personal communication, Kreilkamp and Boyden’ record the 
presence of well developed sphincter ampullz in 2 out of 12 macer- 
ation specimens of the major papilla. This incidence agrees with 
the frequency of reflux into the major pancreatic duct and suggests 
a spasm of the sphincter ampullz as the etiologic factor. 

Studies by McGowan, Butsch, and Walters’ and Doubilet and 
Colp* have shown that morphine in the usual therapeutic dosage 
frequently will produce spasm of the sphincter of Oddi, thus in- 
creasing the intraductal biliary pressure. In one case in this series 
the major pancreatic duct was visualized on cholangiography fol- 
lowing the injection of morphine whereas no reflux was demonstra- 
ble on 3 previous examinations. 

Conclusions. 1. Reflux of contents of the common bile duct into 
the duct of Wirsung occurred in 21 of 91 cases (23%). 2. Such 
reflux is not dependent on obstruction at the ampulla due to stone or 
stricture but is probably more often due to spasm at the ampulla. 


1 Doubilet, H., personal communication. 

2 Kreilkamp and Boyden, personal communication. 

3 McGowan, Butsch, J. M., and Volterse, W., J. A. M. A., 1936, 106, 2227. 
4 Doubilet, H., and Colp, R., Surg., Gynecol. and Obstetrics, 1937, 64, 622. 
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Influence of Prontosil-soluble on Beta Hemolytic Streptococei 
Growing in Tissue Culture Media.” 


Josern T. Kinc, Austin F, Henscuer snp Bervi S, Guren, 


From the Deportmenta of Physiology ond Bacteriology, The Uninersty of 
Minnesota, Mimneapons, 


On the basis of in vitro experiments with the hydrochloride of 
4 sulfonamide-2, 4 diaminoazobenzol (Prontosil) and other gul- 
fonamide compounds, Levaditi and Vaisman’ concluded that certain 
of these drugs neutralized streptococcal hemolysin and leukocidin, 

Meyer’ reported that Prontosil shows some neutralizing power 
for streptococcal hemolysin. He also states that “Prontosil” added 
to serum-broth “,.. prevents the production of toxins,” We are not 
certain whether Meyer’s conclusions should he interpreted as apply- 
ing to Prontosil or Prontosil-soluble, i. ¢., the disodium salt of 4 
sulfamidophenyl-2 azo-7 acetylamino-1 hydroxynaphthalene-3, 6 
disulfonic acid, (or both), He lists both in his general statement on 
chemotherapy but does not refer to Prontosil-soluble again, although 
some of his expressions in the tables might be taken to imply that he 
was using Prontosil-soluble. 

Recently Gross, Cooper, and Lewis’ investigated the hemolysin- 
neutralizing power of a number of drugs including Prontosil-soluble, 
Of the related compounds, i. ¢., sulfanilamide, Prontosil and Pron- 
tosil-soluble, the latter was the only one showing any significant 
neutralizing power. 

With 2 view to determining the influence of Prontosil-soluble 
on streptococcal hemolysin under experimental conditions which are 
as physiological as can he attained in vitro, we have studied its ef- 
fect on the hemolysing power of colonies of f streptococci growing 
in tissue-culture medium containing the drug (concentration 1; 
1000). 

The culture-clots were made of 1 part autogenous heparinized 
rabbit-plasma and 2 parts autogenous serum-extract of 6-day chick 

* Aided by a grant from the Committee on Scientific Research, American 
Medical Association, and technical assistance from the Works Progress Adminia- 
tration, project 5209, sub-project 227, and by the National Youth Administration, 
Prontosil-soluble kindly supplied by Winthrop Chemical Co, 

1 Levaditi, C., and Vaisman, &., Compt. rend, Bo, de Wl, 1966, 120, 1077, 

2 Meyer, ¥., Quart. Bull, hea View Hosp, 1991, 2, V0, 


2 Gross, P., Cooper, F. B., and Lewis, ML, Proc, foc. zy, Biot, ap Mai, 
1928, 2, 275. 
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embryos. The extract was inoculated with suitable dilutions (to 
make 10° to 10° in the final medium) of a strain of 8 streptococ- 
cus recovered from a fatal septicemia in man. Sufficient rabbit’s 
erythrocytes were added to the extract to make a 5% suspension 
in the final medium. Clotting takes place promptly on mixing the 
plasma and extract. Cultures are incubated at 37.5°C in Maximow 
moist chambers. Details of the methods have been described pre- 
viously.* * ° 

Colonies become visible in the cultures before lysis starts. Meas- 
urements of the colonial diameter and the zone of lysis can be made 
with accuracy at 60 magnification. The measurements are made 
with an eyepiece-micrometer previously standardized with a stage- 
micrometer (114 units = 1mm). Photomicrographs can be made 
on Process film to show the diameter of both colony and zone of 
hemolysis. 

The term “hemolytic index” is used to describe the hemolyzing 
power of a colony in relation to its diameter, 7. ¢., the diameter of 
the zone of hemolysis over the diameter of the colony. 

Colonies of £ streptococci growing in this medium containing 
1:1000 Prontosil-soluble are qualitatively identical with colonies 
in the same medium without the drug. 

Prontosil-soluble exhibits no bacteriostatic effect under these ex- 
perimental conditions. 

It is found, however, that colonies in the medium containing the 
drug show smaller zones of lysis in relation to their size, 7. e., lower 
hemolytic index. 

In Table I an experiment is summarized showing the average size 
of the colonies and hemolytic zones in control and experimental sets. 
The hemolytic index is shown for both sets and the inhibition of the 
hemolytic zone (on the basis of diameter) for the experimental set. 

It may be noted that hemolysin-production is continuous, once 


TABLE I. 
Controls Prontosil-soluble 
[i == eae ‘CAE ETL 2. SE ae ee BS ee ee’ 
Diam. Diam. H Hem. Diam. Diam.H Hem. % Hem. 
Time colony zone index colony zone index inhib. 
“18 hr 39.76 64.99 1.63 40.23 52.71 L8t. 15 
24.7? 78.49 132.86 1.69 76.3 106.2 1.39 21.0 
48° 73 214.7 354.0 1.64 219.2 273.9 1.24 22.6 
3 days 252.4 399.5 1.58 262.6 310.3 1.18 22.4 


4 King, J. T., Arch. f. Exp. Zellforsch., 1930, 9, 341, 
5 King, J. T., Arch. f. Exp. Zellforsch., 1931, 10, 467. 
6 King, J. T., Arch. f. Exp. Zellforsch., 1937, 20, 208. 
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started, under these conditions. In other experiments it has been 
observed to continue into the 5th day. 

In some experiments we have observed somewhat greater inhibi- 
tion of lysis than that seen in the series summarized in Table I. We 
have never seen anything approaching complete inhibition of lysis, 
however. 

The technic used measures the inhibition of hemolytic damage 
in relation to control preparations. It does not distinguish between 
reduction in the amount of hemolysin formed and subsequent neu- 
tralization. 

The results are in harmony with those obtained by others using 
neutralization-tests on active culture fluids. If Meyer’s conclusions 
were intended to apply to Prontosil-soluble, then our results are not 
in accord with his finding that hemolysin-formation is prevented 
when f streptococci are grown in presence of the drug. 

It seems to us that tissue-culture clots holding erythrocytes in 
fixed position in relation to the developing colonies provide a means 
of registering quantitatively the activity of hemolysin as formed 
and under conditions as nearly comparable to those existing in the 
body as can be arranged in vitro at present. 

Conclusion. Beta hemolytic streptococci growing in tissue-culture 
media containing Prontosil-soluble, 1:1000, produce hemolysin. 
The amount available for erythrocytic destruction is moderately re- 
duced as compared with controls. This effect is not secondary to 
bacteriostasis. 
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Response of Leukocytes to Colonies of Streptococci Growing in 
Tissue-culture Media.* 


Joserpu T. Kine, Beryt S. GREEN AND AusTIN F, HENSCHEL. 


From the Departments of Physiology and Bacteriology, University of Minnesota. 


In discussing the mechanism of action of sulfanilamide, Mellon 
and Bambas’ state, “... the growth inhibition brought about by the 
indirect action of sulfanilamide predicates a suspension in the pro- 


* Aided by a grant from the Committee on Scientific Research, American Med- 
ical Association, and technical assistance from the Works Progress Administration, 
project No, 5209, sub-project 237, and by the National Youth Administration. 

1 Mellon, R. R., and Bambas, L, L., Med. Rec., 1937, 146, 247. 
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duction of necrobiotic substances (leucocidins, etc.) by the strepto- 
cocci. Asa result, the phagocytes are probably mobilized in propor- 
tion to the suppression of the negative chemotactic substances.” 

Recently McCutcheon, Coman, and Dixon’ studied the response of 
leukocytes to particles of kaolin and Lloyd’s reagent and to a strain 
of 8 streptococci, with a view to determining whether or not a 
true negative chemotropism could be demonstrated. The leukocytes 
were suspended in plasma which was flooded over the particles or 
organisms to be studied. They observed a true negative chemotropic 
response to particles of kaolin and Lloyd’s reagent, 7. e., the cells 
were repelled. The response to the strain of streptococci used was 
sometimes positive and sometimes negative. 

In experimental animals infected with 8 streptococci it has been 
noted by Domagk,’ Long and Bliss,* and others that phagocytosis is 
apt to be less marked in the controls than in the animals treated with 
sulfanilamide or derivatives. However, it has not been possible to 
demonstrate that these substances directly influence phagocytosis 
im vitro (Finklestone-Sayliss, et al.;° Osgood and Brownlee;* Co- 
man’). 

The theory advocated by Bliss and Long* and by Gay and Clark® 
postulates a reduction in toxic substances due to the bacteriostatic 
action of sulfanilamide but it is not assumed that negative chemo- 
tropism is the explanation for the reduced phagocytic activity shown 
by cells in untreated animals. 

In the paper referred to above, McCutcheon, Coman, and Dixon 
point out that the terms “negative chemotropism’’ and “negative 
chemotaxis” have been very loosely used in the past and that either 
a true negative chemotropism (actual repulsion) or merely the ab- 
sence of positive chemotropism would result in an essential failure 
of phagocytosis. It is evident that proper distinction has not always 
been made between that reduction in, or failure of, phagocytosis 
which is due to true negative chemotropism and that due to other 
causes. 

In the case of the 8 streptococcus, it is well known that phagocyte- 

2 McCutcheon, M., Coman, D. R., and Dixon, H. M., Arch. Path., in press. 

3 Domagk, G., Z. f. Klin Med., 1937, 182, 775. 

4 Long, P. H., and Bliss, E. A., J. A. M. A., 1937, 108, 32. 

5 Finklestone-Sayliss, H., Paine, C. G., and Patrick, L. B., Lancet, 1937, 233, 
792. 

6 Osgood, E. E., and Brownlee, I. E., J. A. M. A., 1938, 110, 349. 

7Coman, D. R., Arch. Path., in press. 


8 Bliss, E. A., and Long, P. H., J. A. M. A., 1937, 109, 1524. 
9 Gay, F. P., and Clark, A. R., J. Exp. Med., 1937, 66, 535. 
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killing substance or substances are produced. Infected, untreated 
controls show not only fewer phagocytic cells in exudates but also 
a leukopenia. The cells, especially the granulocytes, show degener- 
ative changes. It becomes important, therefore, to determine wheth- 
er, in addition to this general toxic depression of. phagocytes, true 
negative chemotropism is a factor in producing the observed diminu- 
tion of phagocytosis. 

Tissue-cultures have been utilized in studying the response of 
rabbit’s leukocytes to 2 strains of streptococci. Fragments of buffy 
coat from centrifuged blood were planted in clots composed of one 
part autogenous plasma (heparinized) and 2 parts chick-embryo 
extract made with autogenous serum. Methods have been de- 
scribed by one of us** ** ** previously. The tissue-extract was in- 
oculated before mixing with the plasma with suitable dilutions 
(usually between 10° and 10°) of 18- to 24-hour broth cultures of 
the streptococcus. The dilutions were made in Tyrode’s solution. 
The cultures were planted on 22 mm round cover-slips (volume ap- 
proximately 0.15 cc). After clotting, the cultures were incubated 
(Maximow moist chambers) at 37.5°C. 

Bacterial colonies usually become microscopically visible by the 
6th hour and they grow rapidly in this medium. If the medium 
contains approximately 150,000 colonies per cc, growth is essen- 
tially complete at 12 hours. With 5 colonies or less per cc, growth 
may continue into the 5th day. 

Cell-migration is prompt and rapid in this medium. As the edge 
of the dense field of migrating cells approaches and passes the grow- 
ing colonies one has an excellent opportunity to observe the response 
of the leukocytes to the streptococci. After making observations on 
the living state, cultures may be fixed in Carnoy and stained in dilute 
Delafield’s hematoxylin and mounted as whole preparations, or fixed 
in Zenker-formol for serial sections. Good differential staining of 
sections is obtained with Dominici. 

Two strains of streptococci have been used in these studies: (a) 
a B strain recovered from a case of meningitis which recovered on 
treatment with sulfanilamide. This strain was very sensitive to 
sulfanilamide in tissue-culture media; (b) a & strain recovered from 
a fatal septicemia in man. This strain was also sensitive to sulfan- 
ilamide in vitro. 

Observations on the living cultures during the first 24 hours 


10 King, J. T., Arch. f. Exp. Zellforsch, 1930, 9, 341. 
11 King, J. T., Arch. f. Exp. Zellforsch, 1931, 10, 467. 
12 King, J. T., Arch. f. Exp. Zellforsch, 1937, 20, 208. 


RESPONSE OF LEUKOCYTES TO STREPTOCOCCI 815 


showed that the advancing edge of the leukocytic migration-zone 
presented a finely or coarsely granular appearance according to 
whether the bacterial colonies were small and numerous or larger 
and fewer innumber. This finding is in marked contrast to the edge 
of the migration-zone in sterile cultures where the edge is smooth 
and the distribution of cells quite uniform. 

Examination of fixed and stained 1 toto mounts showed that the 
bacterial colonies were densely infiltrated with leukocytes. Colonies 
that are just being approached by the leukocytes show infiltration 
predominantly on the side from which the cells are approaching 
while colonies that have been passed by the edge of the migration 
zone are more uniformly infiltrated. 

Study of stained serial sections showed that phagocytosis was 
taking place actively in each instance. 

Using the first strain described, special attention was given to 
the effect of varying the number of colonies. It was noted in cul- 
tures containing a larger number of streptococci that activity of 
granulocytes was depressed earlier. In one series stained as in toto 
mounts at 24 hours, 2 dilutions of the same bacterial culture were 
used for inoculating the tissue-culture medium. The dilutions in the 
final medium were 1:1200 and 1:120,000. In the higher concen- 
tration there were practically no living cells in the periphery of the 
migration-zone at 24 hours while in the lower concentration the 
toxic depression was not so marked. As would be expected, the 
width of the migration-zone varied directly with the dilution of bac- 
teria. The average maximal width of the zone was 227.57 for the 
1 :1200 dilution and 360 for the 1:120,000. These values are taken 
to indicate the activity of the granulocytes since the periphery of 
the migration-zone contains few non-granular elements. 

There is evidence suggesting that the non-granular elements are 
less sensitive to the toxic substance formed by the streptococci than 
are the granulocytes. This question is being investigated further. 

Conclusions. Observations made on 2 strains of § streptococci 
show that rabbit’s granulocytes exhibit positive chemotropic re- 
sponse to both strains. There is a progressive toxic depression of 
phagocytosis varying with the number of organisms present. For 
the strains investigated true negative chemotropism does not 
play a part in the depression of phagocytosis. 

t 114 units = 1 mn. 
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Occurrence of Shock Disease Among Young Snowshoe Hares.” 


R. G. Green, D. W. Matruer Anp C. L, Larson. 


Krom the Deportment of Buctertology, University of Minnesota, the United States 
Korea Borne, wn, the Burewn of Biological Survey. 


The term, shock disease,’ has been introduced to describe a dis- 
case of snowshoe hares which is associated with the periodic die-off 
of these animals in the wild. Hares afflicted with this condition 
have a disturbance of carbohydrate metabolism resulting from liver 
degeneration. Shock disease has been observed among adult hares 
in their natural environment, and its presence in hare populations has 
been demonstrated during the winter months by trapping and hold- 
ing animals in captivity. Hares taken from certain areas succumbed 
rapidly from the shock of unnatural conditions, and death was 
usually accompanied by an extremely low blood sugar level. 

The recognition of shock disease among adult hares during win- 
ter months raised the question of whether this disease occurs in 
young hares during the warm months. To gain this information, 
adult hares were placed in a fenced area of natural habitat in the 
spring of 1936 and, together with the young subsequently born, were 
kept under close observation throughout the summer. The fenced 
area, called “Range A”, consisted of 1.7 acres enclosed with wire 
of ¥," mesh to prevent the escape of young hares. Forty-one fe- 
males were introduced into this range, most of them in the latter part 
of April. Six males were entered in April, 3 in May, and 1 in June. 
Natural forage was available throughout the study, with daily sup- 
plemental feeding of carrots, oats, cut aspen, and willow. The 
young were born in 3 groups: 36 from May 3 to 18; 51 from May 
23 to June 26; and 28 between July 1 and 17, Most of them were 
banded with ear tags at an age of 3 to 5 days, while still in the nest. 

Losses, due principally to shock disease, were heavy among both 
adult and young hares in this range. At the conclusion of the in- 
vestigation, on November 9, 20 of the 41 females and 8 of the 10 
males had died. Only 8 young, 7% of those born, survived the study. 
The carcasses of 82 young hares were recovered for examination. 

During the course of the experiment, diagnoses of shock disease 

* From the Cooperative Wildlife Disease Investigation of the University of 
Minnesota, the Minnesota Department of Conservation, and the Bureau of Bio- 
logical Survey. 

1 Green, B. G., and Larson, C. Li, Am. J. Phystol., 1937, 119, 319, 
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were made on a basis of blood sugar determinations in addition to 
recognition of symptoms and postmortem findings. 

Adult hare, band No. 4274, was found sick with typical shock 
symptoms in Range A on September 17. This male hare had been 
released in the pen on May 26 and developed shock 114 days after 
entrance. When discovered, it was taken into the field laboratory 
and bled. Its blood sugar content was less than 10 mk per 100 cc, 
and necropsy findings were characteristic of shock disease. 

The occurrence of shock disease in young hares was rigidly dem- 
onstrated by studies on hare No. 4237. This animal was born on 
May 6, 1936. On July 1 it was captured in order that a sample of 
blood might be taken. Its blood sugar level was normal. The hare 
was returned to the range, and at 9:30 the following morning was 
found huddled up, indifferent to the approach of an observer. At 
11:15 it was lying on its side, too weak to assume a normal posture, 
and when picked up and carried into the laboratory, it developed 
convulsions. Its blood contained 3 mg sugar per 100 cc. This hare, 
born in the range and living under essentially natural conditions, 
died from shock disease 57 days after birth. 

Many young hares that had never been handled except during 
the brief process of ear-banding, died of shock disease, typical both 
as to symptoms and postmortem findings. The second group of 
hares born, a total of 51, suffered a mortality of 25 animals or 49% 
when the hares were 5, 6, and 7 weeks old. 

These studies were made during the second year in which Range 
A was used to hold adult and young hares. As the mortality during 
the second year was much increased over that of the first year, it 
would seem that the factor causing shock disease became accentuated 
with repeated use of the same area for holding concentrated popu- 
lations. The experiment not only establishes the occurrence of shock 
disease during summer months but also demonstrates that young 
hares may die of this disease within 6 weeks of birth. 
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Spermatogenesis in Immature Hypophysectomized Rats Injected 
with Androgens. 


EuGENE CUTULY, ELIZABETH C. CUTULY AND D. Roy 
McCuLiacuH. 
From the Department of Biochemical Research, Cleveland Clinic, Cleveland, Ohio. 


Naturally occurring or synthetic androgenic substances injected 
into adult rats shortly after hypophysectomy will cause varying 
degrees of tubular maintenance in the testes,~° but the interstitial 
cells are not prevented from undergoing atrophy.”* After tubular 
atrophy in hypophysectomized rats has occurred, it has not been 
possible to restore spermatogenic activity by means of andro- 
gens.*° Maintenance of spermatogenesis in hypophysectomized rats 
by androgens has not as yet been satisfactorily explained. The 
possibility that androgens have only an indirect effect on the ger- 
minal epithelium, scrotal maintenance being of prime impor- 
tance,” ° has not been accepted by Nelson and Merckel.* Incontest- 
able evidence that male hormones have a direct or only an indirect 
effect on spermatogenesis is still lacking. 

It has seemed of importance in view of our present lack of un- 
derstanding with regard to the role played by androgens in spermato- 
genesis to study the effects of male hormones in immature hypo- 
physectomized rats. This has seemed especially important since it 
has been shown that bull testis extracts® and androsterone’ cause 
marked injury to the testicular tubules of young rats. The purpose 
of this investigation was to discover whether spermatogenesis would 
occur in immature hypophysectomized rats injected with andro- 
genic substances. As we have never observed sperm heads, as de- 
scribed by Moore,* earlier than the 34th day of life, we selected 
animals much younger than this to rule out the possibility that sperm 


1 Walsh, E. L., Cuyler, W. K., and McCullagh, D. R., Am. J. Physiol., 1934, 
107, 508. 

2 Nelson, W. O., and Gallagher, T. F., Science, 1936, 84, 230. 

3 Cutuly, E., McCullagh, D. R., and Cutuly, E. C., Am. J. Physiol., 1937, 119, 
121. 

4 Nelson, W. O., and Merckel, C. G., Proc. Soc. Exp. Bion. anp Mezp., 1937, 
36, 825. 

5 Cutuly, E., McCullagh, D. R., and Cutuly, E., Am. J. Physiol., 1938, 121, 786. 

6 Moore, C. R., and Price, D., Am. J. Anat., 1932, 50, 13. 

7 Moore, C. R., and Price, D., Endocrinology, 1937, 21, 313. 

& Moore, C. R., Am. J. Anat., 1936, 59, 63. 
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heads or spermatozoa were present in the testes prior to the begin- 
ning of the experiment. 

As will be seen in Table I five litters of rats were used. Their 
ages ranged from 27 to 30 days. In each litter one animal was set 
aside as a normal control; in 4 of the litters there was also a hypo- 
physectomized control. Litter 4 contained a reference control which 
was killed at the start of the experiment. Hypophysectomized rats 
(and one normal rat in litter 5) were injected subcutaneously with 
testosterone propionate or dehydroandrosterone acetate.* Autopsies 
were performed 24 hours after the final injection, except in litter 4, 
where they were performed 48 hours after the last injection. The 
daily doses ranged from 507 to 2 mg. Data such as the amount of 
oil (sesame) vehicle, length of experiment, and autopsy findings 
will be found in the table. It is realized that the series of animals is 
small. However, the appearance of sperm heads or spermatozoa in 
testicular tubules previously lacking such structures is a readily 
demonstrable and unequivocal criterion. The completeness of all 
the hypophysectomies was checked by a critical study of serial sec- 
tions of the pituitary capsules which had been carefully dissected 
away from the sella. In addition the pieces of gland aspirated into 
the suction tube at the time of operation were always recovered to 
see if the fragments (usually 3) could be pieced together to form 
the whole gland. Finally, no hypophysectomized animal was in- 
cluded in the table unless its autopsy body weight was less than its 
initial weight, or unless the increase in autopsy body weight was far 
less than that in normal controls, 

The data on litters 1, 2, and 3, in Table I show that testosterone 
propionate in daily doses as high as 300y failed to have any effect 
upon the testes, even though the larger doses produced marked 
stimulation of the seminal vesicles. Testosterone propionate at the 
50y level caused scarcely any noticeable scrotal stimulation; and even 
at the 300y level the scrotal response was weak. This was unex- 
pected, as other observations” *° have indicated that the scrotum is 
very sensitive to stimulation by male hormone produced by the 
testes. Since the scrotal turgescence induced by 300y of testosterone 
propionate was slight, and despite the fact that the accessories were 
tremendously enlarged; it was decided to inject male hormone at 
much higher levels. This was done in litters 4 and 5. 


* We are indebted to Dr. Erwin Schwenk of Schering Corporation, Bloomfield, 
N. J., for the androgenic substances. 
9 Cutuly, E., and Cutuly, E. C., Proc. Soc. Exp. Bron. AND Mep., 1937, 37. 477. 
10 Cutuly, E., and Cutuly, E. C., Endocrinology, 1938, 22, 568. 
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The following results were obtained in litter 4. Two milligrams 
of testosterone propionate were injected daily for 7 days into rats 
hypophysectomized when 29 days of age. This amount of hormone 
caused an increase in testis weight beyond that in the reference con- 
trol, but not equal to that in the normal control. However, the 
testis tubules of the injected animals, as well as those of the normal 
control, contained sperm heads or spermatozoa, while those of the 
reference control contained only secondary spermatocytes. Dehydro- 
androsterone acetate at a 2 mg level was unable to advance the con- 
dition of the testes beyond that in the reference control; but it did 
prevent the testes from undergoing the profound atrophy seen in 
the hypophysectomized control. In litter 5 both dehydroandroster- 
one acetate and testosterone propionate when given in daily doses of 
2 mg for 14 days after hypophysectomy induced the formation of 
mature spermatozoa in the seminiferous tubules, although the testis 
weight was only about half that of the normal control. It is inter- 
esting to note that the normal animal in litter 5 which received 
2 mg of testosterone propionate daily had testes which weighed just 
slightly less than those of the normal control. Histologically the 
testes of the injected normal animal showed perfectly normal tu- 
bules; but the interstitial cells of the testes were noticeably not as 
well developed as those in the normal control. 

In all the hypophysectomized animals, treated or untreated, the 
interstitial cells were markedly atrophic, and this would account 
for some of the weight differences between the testes of these ani- 
mals and those of the controls. Weight variations, however, were 
chiefly due to differences in the size of the tubules. This was indi- 
cated by measurements on tubules made with a micrometer eyepiece. 
For example, in litter 4 an average of 20 tubules for each testis 
measured showed that the diameter of the tubules of the normal 
control was 189.4p, while that of rat numbers 66, 67, 68, and 69 
was 167.9, 159, 161.8, and 119.5, respectively. 

Of special interest was the finding that some of the hypophysec- 
tomized animals injected with testosterone propionate (rats Nos. 48, 
66, 67, 60, 64) had adrenal glands which were not as small as 
might have been expected. Examination of histological sections 
of these glands showed them to be readily distinguishable from sec- 
tions of normal adrenals, since they possessed typically shrunken 
cortices. The unexpectedly high weight of these glands was probably 
mostly due to variable quantities of lipoidal material in the cortex, 
since it has been demonstrated that the medulla does not change 
greatly in weight following hypophysectomy.** Although the ad- 


11 Cutuly, E., Anat. Rec., 1936, 66, 119. 
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renal cortex of rat 66 was characteristically shrunken, mitotic fig- 
ures were seen in or near the glomerular zone. These observations 
tend to suggest (a) a possible direct or indirect action of male hor- 
mone on the adrenal cortex and (b) a possible connection between 
the adrenal cortex, male hormone, and spermatogenesis. 

It has been very difficult to reconcile the data showing that male 
hormones maintain spermatogenesis in adult hypophysectomized 
rats,*” initiate spermatogenesis in ground squirrels,” fail to main- 
tain spermatogenesis in hypophysectomized monkeys** and hypo- 
physectomized guinea pigs,** and cause marked injury to the testis 
tubules in normal young rats.** The present study shows that 
spermatogenesis can be induced in hypophysectomized rats with 
previously aspermatic testes. The relatively large dose necessary 
for this suggests that dosage is possibly responsible for the apparent 
discrepancies which have been mentioned. Size of accessory or- 
gans, as shown by this investigation, is certainly no criterion of the 
adequacy of the dose of androgen necessary to induce spermato- 
genesis. 

It has already been pointed out that there is little correlation be- 
tween the ability of an androgen to maintain testis tubules and its 
ability to stimulate the accessory sexual organs.*° The present 
findings not only confirm these reports, but they emphasize the fact 
that relatively enormous doses of the most potent androgen now 
available (testosterone propionate) are needed to cause a tubular 
response. It is difficult to understand why this should be so, espe- 
cially when it is remembered that in the normal immature rat the 
testis tubules may develop sperm heads before the seminal vesicles 
show any appreciable secretory activity.* Because of this contrast be- 
tween normal development and that brought about by a male hor- 
mone such as testosterone propionate, the following point seems 
worthy of mention. If the testis hormone (or hormones) produced 
by the interstitial cells normally has a stimulating effect on the tu- 
bules of the testis, then testosterone propionate is decidedly inferior 
to testis hormone in this respect. This inferiority on the part of an 
intensely strong androgenic substance may indicate (1) a real dis- 
similarity between it and interstitial cell hormone; (2) the inability 
of such a substance to express itself fully in a hypophysectomized 
animal, or the inability of organs to respond fully to it; (3) that 
it acts only indirectly on the spermatogenic elements. 

12 Wells, L. J., and Moore, C. R., Anat. Rec., 1936, 66, 181. 


13 Smith, P. E., and Engle, E. T., mentioned by Scowen, E. F. 
14 Secowen, E. F., Anat. Rec., 1938, 70, 71 (suppl.). 
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Summary. Testosterone propionate and dehydroandrosterone ace- 
tate when administered daily at a 2 mg level to immature hypophy- 
sectomized rats induced sperm head or spermatozoon formation 
in the seminiferous tubules. Smaller doses were ineffective in this 
respect, even though they caused marked stimulation of the acces- 
sory organs, Testosterone propionate seemed in a few instances par- 
tially to prevent the adrenal cortex shrinkage which follows hypophy- 
sectomy; it is not known whether this effect was the result of a 
direct or indirect action by male hormone. An explanation which 
helps to reconcile the apparently discordant reports on the effects of 
androgens on spermatogenesis is suggested. 
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Vitamin B, in Bacterial Metabolism.* 


M. SILVERMAN AND C. H. WERKMAN. 


From the Department of Bacteriology, Iowa State College, Ames, Iowa. 


Since the work of Peters’ showing that the oxidation of pyruvic 
acid in pigeon-brain requires the presence of vitamin B,, attention 
has been called to the function of this vitamin in the pyruvate- 
metabolism of yeast and bacteria. Lohmann and Schuster’ have 
demonstrated that the co-enzyme of carboxylase, co-carboxylase, 
is diphosphorylated vitamin B,. Lipmann*® has reported that the 
phosphorylated vitamin is essential for the dismutation of pyruvate 
by an acetone preparation of Bacillus acidificans longissimus. In 
the same paper he states that the non-phosphorylated vitamin is 
without stimulating effect. Krebs* reports that no stimulation in the 
metabolism of pyruvates by Staphylococcus aureus could be ob- 
tained on the addition of vitamin B,. However, Hills’ has reported 
a marked stimulation in the pyruvate-metabolism of Staph. aureus 
grown in vitamin B,-deficient media by the simple addition of crys- 
talline vitamin B,. 

The purpose of the present investigation was to determine the 

* Supported in part by Industrial Science Research funds of Iowa State College. 

1 Peters, R. A., Biochem. J., 1936, 30, 2206. 

2 Lohmann, K., and Schuster, Ph., Angew. Chem., 1937, 50, 221. 

3 Lipmann, F., Enzymologia, 1937, 4, 65. 

4 Krebs, H. A., Biochem. J., 1937, 31, 661. 

5 Hills, G. M., Biochem. J., 1938, 32, 383. 
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effect of the addition of free vitamin B, on the metabolism of various 
bacteria grown in B,-deficient media, 

Bacteria. The organisms employed were Escherichia coli (26), 
Aérobacter indologenes (23B), Propionibactertum pentosaceum 
(49W), and Propionibacterium peterssonii (11W). The propionic- 
acid bacteria were chosen for study since it has been shown by 
Tatum, Wood, and Peterson® that vitamin B, has an important role 
in the growth of these organisms. A. indologenes was cultured in 
an ammonium-sulphate, glucose, tap-water medium. The other 
organisms were grown in the basal medium of Tatum, et al.,° con- 
taining ethereal extract of yeast and hydrolyzed gelatin with and 
without the addition of crystalline vitamin B, in a final concen- 
tration of 10° g per cc. 

The organisms were harvested by centrifuging after 60 hours of 
growth at 30°C. After one washing with distilled water, suspen- 
sions were made in distilled water containing 10% of cell-paste by 
volume. One-half cc of the suspension of propionic-acid bacteria 
and 0.25 cc of the E. coli and A. indologenes were employed in each 
of the experimental Warburg vessels according to Dixon.’ The 
total volume in each vessel was 2 cc. 

The pyruvic acid was redistilled twice at 59-63°C at 15 mm of 
mercury. Three mg of acid neutralized with sodium hydroxide 
were used in each cup. The buffer employed (1 cc in each cup) 
was M/5 monopotassium phosphate adjusted to pH 5.6 with so- 
dium hydroxide. 

All experiments were conducted anaérobically under an atmos- 
phere of nitrogen. 

Fig. 1 shows the stimulating effect of vitamin B, on the dismu- 
tation of pyruvate by both P. peterssonu (11W) and P. pentosaceum 
(49W). P. peterssonii (11W) grown on vitamin B,-deficient me- 
dia exhibits almost no activity. On the addition of 2 gammas of 
vitamin B,, its activity is immediately enhanced. The effect of the 
vitamin on P. pentosaceum (49W) is similar, its activity being in- 
creased about 4 times. The addition of 2 gammas of the vitamin to 
P. pentosaceum (49W) cells grown in a concentration of 10° g of 
vitamin per cc increases its metabolic rate to almost that of the 
vitamin B,-deficient cells to which 2 gammas of the vitamin has 
been added. 

A. indologenes and E. coli although grown in vitamin B,-deficient 
media were very active and showed no increase in the rate of dis- 


6 Tatum, E. L., Wood, H. G., and Peterson, W. H., Biochem. J., 1936, 30, 1898. 
7 Dixon, Malcolm, Manometric Methods, Cambridge Univ. Press, 1934. 
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similation of pyruvates on the addition of crystalline vitamin Bj. 
Since members of the Escherichia~-Aérobacter group grow well in 
synthetic media, they are in all probability capable of synthesizing 
the vitamin as rapidly as it is required so the need for it cannot be 
demonstrated. Sunderlin and Werkman® reported the synthesis of 
vitamin B by E. coli. 

On the other hand, propionic-acid bacteria are difficult to culture 
in synthetic media; one possible reason being their inability to syn- 
thesize the vitamin, therefore its need can be readily demonstrated. 

The optimal concentration of the vitamin for the anaérobic break- 
down of pyruvic acid is shown in Fig. 2. Under the conditions of 
our experiment, maximal activity is attained at a concentration in 
the vicinity of 0.5 gamma per 2 cc of liquid, equivalent to 2.5x10" g 
of vitamin per cc. Reference to Fig. 1 shows that the activity due 


8 Sunderlin, G., and Werkman, C. H., J. Bact., 1928, 16, 1. 
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to 2 gammas of vitamin per cup does not greatly exceed that at % 
gamma per cup. In this respect it is interesting to compare this value 
with that of Tatum, et al., for the optimal growth concentration of 
propionic-acid bacteria. They report a growth-optimum at a con- 
centration of 0.5 gamma per 100 cc or 0.5x10° gammas per cc. This 
is 50 times less than the optimum concentration for anaérobic pyru- 
vate-metabolism. 


TABLE I. 
Gammas vitamin B, 
added 0 .0039 .0078 .0156 .0313 .0625 .125 25 5 
CO. evolved in mms/hr 41 57 65 66 70 80). 396,") (99 Eis 


Table I shows that the addition of 0.0039 gammas:or 3.9x10° g 
of the vitamin increases the rate of CO, evolution from 41 mm* to 
57 mm* per hour—or an increase of more than 35'% over the orig- 
inal rate. In other words, employing the Warburg technic and pro- 
pionic-acid bacteria grown in vitamin B,-deficient media, it is pos- 
sible to demonstrate the presence of as little as 3.9x10° g of vitamin 
B,. It seems possible to use a bacteriological method for the assay 
of this vitamin. 

The function of the vitamin here is probably not that of co-car- 
boxylase since acetaldehyde has never been detected in a propionic- 
acid fermentation. More probably it is that of a hydrogen carrier 
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as has already been suggested by Lipman. Whether or not phos- 
phorylation of the vitamin occurs is now being investigated. 

The authors are indebted to Dr. H. G. Wood of this laboratory 
for suggestions and assistance in culturing the propionic-acid bac- 
teria. 
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Storage of Vitamin D in the Tissues of Growing Calves.* 


N. B. Guerrant, R. A. Morck, S. I. BECHDEL AND N. W. 
HILstTon, 


From the Departments of Agricultural Biochemistry and Dairy Husbandry, The 
Pennsylwania State College, State College, Pa. 


Numerous researches have been conducted with the view of de- 
termining the influence of varying intakes of vitamin D on the anti- 
rachitic potency of milk and eggs. Very few data are available, how- 
ever, relative to the influence of vitamin D intake on the storage of 
this vitamin in the body tissues of various types of animals. 

Metz and Coppens* have reported that some of the parenchyma- 
tous tissues from dogs contain considerable quantities of vitamin 
D. DeVaney and Munsell’ have reported on the vitamin D content 
of ox, lamb, swine and calf livers, as purchased on the open market. 
Heymann’ investigated the storage of vitamin D in various tissues 
of the rabbit, as resulting from feeding definite unitage of this vita- 
min in the form of viosterol in oil. According to this investigator, 
the amount of vitamin D storage was relatively small in all cases, 
the greatest storage being in the liver and in the blood, respectively. 

It is highly probable that the lack of data concerning the ability 
of the larger animals to store vitamin D in their tissues is due to 
the amount of time and expense involved in carrying out any such 
investigations. Investigations of this type necessarily require an 
accurate measure of the total vitamin D intake of the particular 
animal while being maintained under carefully controlled conditions 


* Authorized for publication on May 23, 1938, as paper No. 839 in the Journal 
Series of the Pennsylvania Agricultural Experiment Station. 

1 Metz, G. A., and Coppens, Ph. A., Nederland. Tijdschr. v. Geneesk., 1934, 78, 
769. 

2 DeVaney, G. M., and Munsell, H. E., J. Home Ec., 1935, 27, 240. 

3 Heymann, Walter, J. Biol. Chem., 1937, 118, 371. 
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during a reasonable period previous to the time of slaughtering. 
Fortunately, in the investigation herein reported, an unusul oppor- 
tunity for carrying out an investigation of this type presented itself 
when the Department of Dairy Husbandry completed some experi- 
ments which had been designed to determine the vitamin D require- 
ment of growing calves.* During the above investigations a careful 
record had been kept of the total vitamin D intake and of the changes 
in body-weight of young calves from 2 weeks to 7 months of age. 
When the above animals were slaughtered at the end of the investi- 
gation, the tissues for the following studies were obtained. 

Experimental. The calves from which the tissues used in these 
studies were taken were of the Holstein breed and were approximate- 
ly 2 weeks of age when placed on experiment. These animals were 
maintained at all times in individual stalls in a darkened barn. Each 
calf was fed a diet consisting of a mixture of ground grains and 
skim milk powder and, in addition, received some roughage either 
in the form of night harvested dehydrated alfalfa hay or beet pulp. 
The various ingredients of the diet were so chosen as to formulate 
a mixture as low as possible in vitamin D but complete in all other 
known dietary respects. Each ingredient was subjected to biologi- 
cal assay for its vitamin D content previous to being incorporated 
into the ration. 

In addition to this vitamin D-deficient basal diet, each calf, ex- 
cept those retained as negative controls, received carefully measured 
quantities of vitamin D as a dietary supplement. Some of the 
calves received the vitamin supplement in the form of a cod liver 
oil concentrate while other calves received the supplement in the 
form of irradiated yeast. 

The length of time during which vitamin D supplements were fed 
before the animals were slaughtered varied somewhat with the dif- 
ferent animals, ranging from 164 to 210 days. At the end of these 
periods the various animals were slaughtered in the usual manner 
and the desired samples taken for assay. 

In preparing the samples for assay, the various tissues were taken 
from the animal body (in whole) as soon as possible, freed of con- 
nective tissue, weighed, macerated by passing through a meat chop- 
per, immediately frozen and stored in this condition until ready for 
use. In the preparation of blood samples, an indefinite volume of 
the fluid (about 1000 ml) was collected in an oxalated glass con- 
tainer and stored at a low temperature until reduced to a suitable 
state for the feeding tests. 


4 Research Bulletin 364, Pennsylvania Agr. Exp. Station. 
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From calves selected from the first series of studies, the liver, 
heart, brain, kidneys and a part of the blood were retained for bio- 
logical assay. At first, all of the above tissues except the blood were 
fed in the original state in sufficiently small daily portions to insure 
complete consumption. However, it was soon found to be impos- 
sible for the test animals to consume sufficient quantities of the 
fresh tissues to bring about a satisfactory antirachitic response. 
It was necessary, therefore, to desiccate these tissues in order to 
overcome this difficulty. Even after dehydrating the tissues, it was 
still impossible to make an accurate determination of the antirachitic 
value of brain, heart and kidneys because of the inadequate con- 
sumption of these tissues by the test animals. Therefore, from those 
calves selected from the second series of experiments, only the blood 
and liver were retained for biological assay. 

In order to obtain the vitamin D from the blood and to preserve 
it in a suitable state for the feeding tests, a fat extraction according 
to the Rose-Gottlieb procedure was made and the combined ether 
extracts were reduced to a definite volume, which was proportional 
to the volume of the original blood used. 

All biological assays were carried out according to the U. S. P. 
technic’ (1936) of assaying for vitamin D. 

The data obtained as the result of determining the antirachitic 
potency of the bloods and livers from the various calves are given 
in Table I. 

The data presented in the table readily disclose the lack of effi- 
cient storage of vitamin D in certain tissues of the calf. In fact, 
variations in the daily vitamin D intake of as much as twenty-two- 
fold resulted in only a threefold variation in the antirachitic potency 
of the bloods and a twofold variation in the antirachitic potency of 
the livers of the respective calves. 

While a definite relationship between the vitamin D intake of 
the various calves and the amount of this substance found in the 
blood and in the liver of the respective calves does not appear to 
exist, the data obtained do indicate that, in most cases, those animals 
which received the greatest daily intake of vitamin D also stored the 
greatest amount of the antirachitic substance in their tissues. How- 
ever, there appeared to be some exceptions to this generalization. In 
fact, those animals which were selected from the first series of ex- 
periments (Calves Nos. 367, 369, 381, 383, and 384) appear to have 
stored a lower percentage of the vitamin D in their tissues than did 
animals of the second series (Calves Nos. 409, 410, 411, 416, 419, 
421, and 424). A possible explanation for this apparent difference 


5 U. 8. Pharmacopoeia, Eleventh Decennial Revision, 1936, p. 482. 
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in the ability of the 2 groups of calves to store vitamin D in their 
tissues may be that the 2 groups of calves were born in slightly 
different seasons of the year. Those calves comprising the first 
series were born in late November, while those of the second series 
were born during the first half of September. If this difference in 
time of birth accounts for the variations in the response of the 2 
groups of calves, it is possible that such a variation was due to a 
combination of the prenatal effect of the antirachitic condition of the 
cow on its offspring and to differences in the antirachitic potency 
of the liquid milk which the respective calves received during the 
first 2 weeks of life. As a whole, those calves comprising the sec- 
ond series received a lower intake of vitamin D during the experi- 
mental period than did those of the first series and, in turn, were 
able to store a larger percentage of this substance. 

The 2 sources of vitamin D used in these investigations appear 
to be equally effective so far as storage of the antirachitic potency in 
the blood and in the liver of the calf is concerned. 

An interesting point to be observed from the above data is the 
comparatively uniform concentration of vitamin D in the blood and 
liver of the calf. In fact, in the young of this species it appears 
that the liver is not an important storage organ for vitamin D. It 
seems, therefore, that unless there are other tissues of the calf 
which serve as more efficient storage organs for vitamin D than the 
liver or the blood, the ability of the calf to store vitamin D is rather 
limited. These data also indicate that the calf should be relatively 
susceptible to rickets if it were maintained for any extended period 
of time on a diet comparatively low in vitamin D and without ac- 
cess to ultraviolet radiation. However, serious outbreaks of rickets 
among calves maintained on the usual high grade rations have not 
been reported and in all probability have not been observed because 
of the appreciable antirachitic content of the sun-cured hays, rough- 
age, and other constituents comprising a diet of this type. 

Summary. A study was made of the effect of feeding young 
calves definite quantities of vitamin D, in the form of cod liver oil 
concentrate or irradiated yeast for periods of time ranging from 164 
to 210 days, on the resultant storage of this substance in the blood 
and in the liver of the animal. From the data obtained in this study, 
it is concluded that only a relatively small percent of the antirachitic 
intake of the calf is stored in the blood and in the liver. The con- 
centration of the antirachitic factor per unit weight was found to 
be approximately equal in the 2 tissues studied. Natural vitamin D 
as found in cod liver oil and activated ergosterol as found in irra- 
diated yeast seem to be stored at about the same degree of efficiency. 
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Action of Oestrin and Progesterone on the Anterior Pituitary. 


J. B. Brooxssy. (Introduced by J. B. Collip.) 
From the Department of Biochemistry, McGill University, Montreat. 


The reciprocal relationship between the gonads and the anterior 
pituitary has been the subject of investigation from several angles. 
Not the least interesting of these is the study of the action of the 
gonad hormones on the hypophysis, from.the point of view of pre- 
vention of castration changes and from that of producing cytolog- 
ical changes and macroscopic enlargement in normal and castrate 
animals. The action of oestrin in this respect has been well estab- 
lished, both as regards the repair of castration changes (Hohlweg 
and Dohrn,* Haterius and Nelson’) and production of hypertrophy 
(Hohlweg,® Nelson,* Wolfe®). The position with regard to the lu- 
teal hormone is less clear. Hohlweg and Dohrn® report that while 
5 to 6 rat units of oestrin daily were necessary to prevent the castra- 
tion changes in the pituitary of adult female rats, only one rat unit 
daily was necessary if 0.2 rabbit units luteal hormone were given si- 
multaneously. In 1935, however, Hohlweg, working with crystalline 
progesterone, reported failure to prevent castration changes in the 
pituitaries of immature and adult female mice, while Clauberg and 
Breipohl,’ using an impure progesterone alone, obtained inhibition 
of the castration changes in the pituitaries of adult female rats with 
7.5 rabbit units daily. While the results of Clauberg and Breipohl 
might be explained on the grounds of contamination of the sample 
of luteal hormone with oestrin or androsterone, the earlier experi- 
ment of Hohlweg and Dohrn could be explained only on the grounds 
of a synergism between oestrin and progesterone. The following 
experiments were made to obtain evidence for or against the syner- 
gistic effect and at the same time to obtain data on the effect of pro- 
gesterone alone. 

Two series of experiments were made, differing only in the oes- 
trogen used and the duration of treatment. In each case, 4 groups 


1 Hohlweg, W., and Dohrn, M., Klin. Wehnsehr., 1932, 11, 233. 

2 Haterius, H. O., and Nelson, W. O., J. Hap. Zool., 1932, 61, 175. 

3 Hohlweg, W., Klin. Wehnschr., 1934, 13, 92. 

4 Nelson, W. O., Endocrinol., 1934, 18, 33. 

5 Wolfe, J. M., Proc. Soc. Exp, Bron. AND Mzp., 1935, 32, 757. 

6 Hohlweg, W., and Dohrn, M., Wien. Arch. inn. Med., 1931, 21, 337. 
7 Clauberg, C., and Breipohl, W., Klin. Wehnschr., 1935, 14, 119. 
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of 10 3-month-old virgin female rats were taken, and ovariectomized 
to avoid interference with the results by gonad hormones from the 
animal’s own ovaries. On the day following castration, treatment 
with solutions in oil of the crystalline hormones was begun. Group 
A in both series received 500y progesterone in 0.25 cc of oil daily; 
group B in the first series, 300y ketohydroxyoestrin and in the sec- 
ond series, 100y dihydroxyoestrin in the same volume of oil daily; 
group C, the same dosage of progesterone and of the oestrin ap- 
propriate to the series; while group D remained untreated as con- 
trols. After 10 days’ treatment in the case of the first series, and 14 
days in the second, the rats were killed and the pituitaries removed 
and weighed. Histological sections of the pituitaries of the animals 
in series 2 were stained by a modification of Mallory’s aniline-blue 
orange G method and examined for castration changes. 
The weights of the pituitaries are given in Table I. 


TABLE I. 
Pituitary Weight (mg). 
Series I Series IT 
Castrate Females Ketohydroxyoestrin Dihydroxyoestrin Histology 
os ————__ Castration 
Avg Range Avg Range Cells 
Untreated controls 9.8 6 -12 9.5 7-12 + 
Progesterone-treated 11.4 8.5-14 10.3 8-13 —_ 
Oestrin-treated 14.9 9 -26 15.7 10-18 —— 
Oestrin + progesterone- 
treated 18.1 11 -23 18.7 15-25 _ 


It can be seen that significant differences exist among the 4 groups. 
The pituitaries of the untreated castrates do not show the enlarge- 
ment characteristic of castration which is not usually well developed 
until after the 14th day from operation, and this factor does not 
therefore enter into the consideration of the results. The proges- 
terone-treated animals show a slight increase of pituitary weight, 
which may be significant as the dose of 5007 progesterone is not 
high in comparison with the dosage of oestrin necessary to produce 
hypertrophy. The pituitaries of the oestrin-treated animals are 
markedly increased in weight though the average value of 14.9 mg 
in Series I is raised by 1 mg on account of the isolated occurrence 
in the group of a pituitary weighing 26 mg. The remaining values 
in the group lie between 9 and 17.5 mg, giving an average of 13.8 
mg. The weights of the pituitaries of the oestrin plus progesterone- 
treated group are clearly higher than those of the other groups, 
presenting good evidence for the existence of the postulated syner- 
gism. 


834 OESTRIN AND PROGESTERONE ON ANTERIOR PITUITARY 


The histological findings are summarized in the last column of the 
table. Well marked castration changes were seen in the untreated 
controls and similar changes were also noted in the pituitaries of 
another group, not described, killed 7 days after castration. These 
changes were absent from the 3 other groups. It appears from this 
result that progesterone, even in this moderate dosage, has a definite 
inhibitory effect on the castration changes in the pituitary, and its 
action is continued over a period in which the departure from nor- 
ma! would have been quite distinct. 

The physiological significance of these actions of progesterone 
is not at present obvious. It may be noted, also, that progesterone is 
evidently not an essential factor in the production of pituitary hyper- 
trophy. The enlargement can be set up in castrate animals by oestrin 
alone, and can be continued for a long period in absence of the 
ovaries, as is shown by the following experiment. 

Each of 24 3-month-old female rats was given 100y of dihy- 
droxyoestrin daily in 0.25 cc oil, the dose being increased to 150y at 
the end of 14 days. Vaginal smears were made daily. On the 
7th day of treatment, the rats were ovariectomized, when the ovaries 
were found to have large active corpora lutea. It was noted, con- 
firming the observation of Selye, Collip and Thomson,’ that the 
vaginal smears did not become cornified until 5 to 8 days after the 
operation. Six rats were killed on the 14th, 21st, 28th, and 35th 
days of treatment. It was found that the pituitary weights con- 
tinued to increase with the oestrin treatment. The averages of the 
successive groups killed were: 14.3 mg, 17.4 mg, 23.5 mg, and 26.3 
mg. In spite of these findings, the possibility of progesterone being 
an important factor in the gonad-hypophyseal relationship cannot 
be neglected, and further work on this problem is in progress. 

Summary. It has been shown that 500y progesterone daily will 
prevent castration changes in the hypophysis of 3-month-old female 
rats, and that the same dosage will enhance the action of oestrin in 
causing macroscopic enlargement of the pituitary. 


8 Selye, H., Collip, J. B., and Thomson, D. L., Proc. Soc. Exp. Bion. anp 
Mep., 1935, 32, 1377. 
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Chemotherapy of Pneumococcal (Type II) Meningitis 
in the Rat. 


Frank B. Cooper, PAUL Gross AND Marion LEwIs. 
From the Western Pennsylvania Hospital, Institute of Pathology, Pittsburgh, Pa. 


While it has been shown that sulfanilamide produced a high per- 
centage of cures in mice,*® rats,**° and rabbits*® * infected by 
different routes with pneumococci (Types I, II, III, VII, and XIV), 
studies of experimental pneumococcal meningitis have not been re- 
ported, although successful sulfonamide therapy in human pneumo- 
coccal meningitis has been observed.*” ** ** 

In this report the results obtained in a preliminary series of 56 
rats with Type II pneumococcal meningitis, produced by intra- 
cranial inoculation, are presented. 

A 25-gauge needle, 3.0 mm long and attached to a tuberculin 
syringe, was pushed to the hilt through the carbolized skin and the 
skull of etherized rats at a point about 4 mm to the left of the 
sagittal suture and half way between eye and ear. The inoculum, 
consisting of 0.1 cc of an 18-hour broth culture (Binda strain) 
diluted 10°, was slowly injected. Two rats, similarly inoculated 
but with 0.1 cc of the same culture diluted 107°, died in less than 93 
hours. 

The progress of the infection was then determined by killing 2 
rats 3 and 5 hours after inoculation. Direct smears from the spinal 
cords (lower lumbar portion) of the 3-hour rats were negative for 
pneumococci, but contained many polymorphonuclear leukocytes, 


1 Rosenthal, S. M., Pub. Health Rep., 1937, 52, 48. 

2 Cooper, F. B., Gross, P., and Mellon, R. R., Proc. Soc. Exp. Bron. AND MEp., 
1937, 36, 148. 

3 Rosenthal, S. M., Bauer, H., and Branham, S. E., Pub. Health Rep., 1937, 
52, 662. 

4 Schmidt, L. H., Proc. Soc. Exp. Bion. AnD Mep., 1937, 37, 205. 

5 Cooper, F. B., Gross, P., and Lewis, M., Am. J. M. Sce., in press. 

6 Gross, P., and Cooper, F. B., Proc. Soc. Exp. Bron. AnD MeEp., 1937, 36, 225. 

7 Gross, P., and Cooper, F. B., Proc. Soc. Exp. Bion. AND MeEp., 1937, 36, 535. 

8 Cooper, F. B., and Gross, P., Proc. Soc. Exp. Bion. AND Merp., 1937, 36, 678. 

® Cooper, F. B., and Gross, P., Proc. Soc. Exp. Bron. AND Mmp., 1937, 36, 774. 

10 Locke, A., Locke, R. B., Bragdon, R. J., and Mellon, R. R., Science, 1937, 
86, 228. 

11 Kreidler, W. A., Proc. Soc. Exp. Bron. AND Mep., 1937, 37, 146. 

12 Neal, J. B., and Appelbaum, Am. J. M. Sc., 1937, 195, 175. 

13 Tixier, L., Eck, M., and Grossiard, Presse méd., 1938, 46, 599. 

14 Martin, R., Presse méd., 1938, 46, 599. 
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whereas the smears from the cords of the 5-hour rats contained in 
addition many pneumococci. Cultures from all 4 cords and the 
corresponding heart blood were positive with the exception of the 
blood of one 3-hour rat. These findings demonstrated that spinal 
meningitis was well established at the third hour. 

Treatments were begun 6 hours following infection. A group of 
15 rats were given 100 mg of sulfanilamide* and a second group of 
15 were given 100 mg of 4,4’-di-(acetylamino) -diphenylsulfone,t 
both orally, and the third group of 20 rats were reserved as untreated 
controls. The 100 mg oral doses were given twice daily for 2 days 
and then once daily for 8 subsequent days. 

The survivors were killed after 3 weeks and cultures and smears 
made of the heart blood and the distal portion of the lumbar cord 
from all animals. 

All of the 20 control rats died within 68 hours following the in- 
oculation and with an average survival time of 36.5 hours. Of the 
15 sulfone-treated rats, 9 (60%) died with an average survival 
time of 68 hours. In the sulfanilamide-treated group only 4 (26.7% ) 
died and the average survival time of these rats was 8.5 days. 

All cultures of both blood and spinal cord of the control animals 
were positive. There was only one negative cord culture in the 
fatalities of the sulfone group, while all blood cultures were positive 
for pneumococci. Among the 4 fatalities of the sulfanilamide 
group, only one positive cord culture was obtained, although only 
one animal showed a negative blood culture. All blood and spinal 
cord cultures of the survivors were negative for pneumococci. 

Histologically, the lesions of the rats that died consisted of a 
thick, fibrino-purulent, pial exudate involving the brain and the en- 
tire cord. The ventricles and the central canal of the cord contained 
pus and extensions of the purulent process into the brain and cord 
substance through ulcerated foci in the ependymal lining were demon- 
strable. In some rats there was also superficial coca and more ex- 
tensive cerebellar leukocytic infiltration. 

Conclusions. A cerebro-spinal meningitis due to a Type II pneu-~ 
mococcus has been produced in the rat. Oral treatment with sulfan- 
ilamide, instituted after this disease was well established, resulted in 
73.3% cures; with 4,4’-di-(acetylamino)-diphenylsulfone, 40% 
cures, and with no treatment, 100% fatality. It is quite evident 
that the sulfone compound was not as effective against this pneu- 
mococcal strain as sulfanilamide. 


* Kindly supplied by E. R. Squibb & Sons, New York. 
+ Synthesized and donated to us by the Monsanto Chemical Company, St. Louis, 


Missouri. 
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Studies on the Nutritional Requirements of Hemolytic Strepto- 
cocci. I. Effect of Various Substances Isolated from Liver 
Extract on Hemolytic Streptococci. 


Leo RANE AND Y. SuBBAROW.* (Introduced by Elliott S. 
Robinson. ) 
From the Antitozin and Vaccine Laboratory, Massachusetts Department of Public 
Health, Jamaica Plain, Mass., and the Department of Biological Chemistry, 
Harvard Medical School, Boston, Mass. 


Attempts to substitute a relatively simple, chemically defined 
medium for the usual complex media in the cultivation of hemolytic 
streptococci have indicated the need for essential accessory growth 
factors. Considered in themselves multiple or of complex nature, 
they have hitherto been unidentified. Our preliminary experiments 
have demonstrated the presence of these indispensable factors in 
liver extract. A medium of gelatin hydrolysate, amino acids, inor- 
ganic salts, and glucose is incapable of inducing the growth of hem- 
olytic streptococci, but the addition of liver extract yields a growth 
equivalent to that obtained in meat infusion broth. By fractiona- 
tion glutathione, thiochrome, nicotinic acid, betaine, flavin and glu- 
cosamine were isolated from liver extract.t Two to 10 ug of glu- 
tathione per cc of medium, 0.00001-0.0001 »g of thiochrome per cc 
of medium, 40-200 ug of nicotinic acid per cc of medium, 4-20 
pg of betaine per cc of medium, 0.01-0.1 ug of flavin per cc of 
medium definitely contributed to the growth of the Dochez NY5 
strain of hemolytic streptococcus while 200 »g of glucosamine per 
cc of medium noticeably shortened the lag period.{ These substances 
are, however, active only with an additional fraction of liver ex- 
tract of which the complete identity is at this time still undetermined. 

Basal Medium: 


Gelatin hydrolysate! 25 ce 
1-Tyrosine 0.1 g 
1-Cystine 0.025 ”” 
Distilled water 1000 ce 


* The work of one of us (Y.S.) is financed by the Proctor Fund of the Har- 
vard Medical School and the Milton Fund of Harvard University. 

+ The details of the isolation and the identification of these substances will be 
reported in a subsequent paper (Y.S.). 

t To eliminate the question of adsorption, synthetic products were substituted 
wherever possible. Synthetic glutathione was kindly supplied by Dr. A. Baird 
Hastings of the Harvard Medical School. Pfanstiehl’s glucosamine was used. 

1 For preparation see Pappenheimer, A. M., Jr., and Johnson, 8. J., Brit. J. 
Exp. Path., 1937, 28, 239. 
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Combined, pH adjusted with 5 N NaOH to 7.6, added: 
Calcium alcoholic precipitate of liver extract2 
Sodium citrate 
NaH»PO,4-H,O 
Mixture heated gently for 10 minutes, filtered. Added: 
d-Glutamie acid 
1-Tryptophane 
dl-Methionine 
dl-Valine 
NaCl 
Na gHPO4-12H,0 
KH.PO4, 
KoHPO, 
MgCly-6H 20 ; 
Tubed in 9.0 ce amounts. Volume brought to 9.7 ce with the addition of test 
substances and distilled water. Autoclaved 10 min. at 112°C. 0.1 ce flavin pre- 
viously autoclaved in acid solution (pH 4.5) for 10 minutes at 112°C, 0.1 ce 50% 
glucose solution also autoclaved separately, and 0.1 ce culture added to test media. 
Final volume 10 ce. 
Note: The amino acids and inorganic salts were included on general grounds. 
Detailed studies on the amino acid and inorganic salt requirements for growth 
have been deferred until all accessory growth factors have been determined. 
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Inoculum: A culture of the Dochez NY5 strain of hemolytic 
streptococcus grown for 6 hours in meat infusion broth at 37°C was 
centrifuged, washed thoroughly in sterile distilled water, and resus- 
pended in sterile distilled water. It was then inoculated in 0.1 cc 
amounts. 

Incubation: 40 hours at 37°C. 

Readings: For greater accuracy direct readings based on tur- 
bidity were made by means of a modified Gates nephelometer,* 
rather than by visual approximation. A 2.3 reading was obtained for 
the growth of the Dochez NY5 strain in meat infusion broth§ incu- 
bated for 40 hours at 37°C. Readings of the growth in different 
test media varied from 2.9 to more than 5.0 (limit of direct read- 
ing). 

Results: A summary of typical results is presented in Table I. 

Conclusion. Glutathione, thiochrome, flavin, nicotinic acid, be- 
taine and glucosamine, in the presence of a calcium-alcoholic pre- 
cipitate of a highly purified liver extract,** are clearly significant for 
the growth of the Dochez NY5 strain of hemolytic streptococcus 
in a deficient medium. The presence of all these factors provides 
almost optimum conditions: omission of one or more decreases the 
amount of growth. 


2 Subbarow, Y., Jacobson, B. M., and Fiske, C. H., New Eng. J. Med., 1936, 
214, 194, 
3 Feemster, R. F., Wetterlow, L. H., and Cianciarulo, J., Am. J. Public Health, 
1936, 26, 1176. 
§ A beef-heart infusion containing 2% peptone, 0.5% NaCl, and 0.1% dextrose. 
** For the supply of liver extract we are indebted to Dr. Guy W. Clark of the 
Lederle Laboratories, Pearl River, N. Y. 
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Excretion of Insulin by Normal and Pathologic Rabbit Kidney. 


Maurice BRUGER AND Burt FRIEDMAN. 


From the Department of Medicine, New York Post-Graduate Medical School and 
Hospital, Columbia University, New York City. 


Recently, Jourdonais and one of us’ demonstrated the presence of 
insulin in the blood stream for 60 to 90 minutes after the intra- 
venous injection of massive doses of insulin in rabbits. After that 
period, insulin was not detected in the blood by the procedures used. 
To determine the fate of at least part of the injected insulin, the 
present experiments on the renal excretion of this hormone were 
planned. Moreover, since insulin is readily adsorbed to proteins, we 
endeavored to determine whether insulin is lost in greater amounts 
through the pathologic kidney exhibiting proteinuria than through 
the normal kidney. These preliminary studies will indicate our 
results to date. 

Three rabbits received 200 units of insulin* intravenously and one 
the same amount subcutaneously. Urine specimens (by catheter) 
were collected before and at regular intervals after the injection of 
insulin for the next 5 or 6 hours. The bladder was washed with 
2 or 3 cc of water after the collection of each urine specimen. Gentle 
abdominal massage over the bladder area was then employed to 
insure complete emptying of the bladder. All urines, including the 
controls, were preserved by the addition of 2 or 3 drops of 1/1000 
solution of merthiolate (Lilly). Thirty urine specimens, including 
6 controls, were obtained from these 4 rabbits, each of which was 
injected intravenously into a fasting test rabbit, in most instances 
within 48 hours of its collection. 

Proteinuria was induced in 3 rabbits by the subcutaneous injec- 
tion of 2 mg per kg of uranium nitrate. The same experimental 
procedure as outlined above was carried out on the pathologic 
rabbits. Eighteen urines, including 3 controls, were obtained from 
these animals; these were injected intravenously into fasting test 
rabbits. 

Table I represents one of the 4 experiments carried out on the 
excretion of insulin by the normal rabbit kidney, and Table II one 


1 Jourdonais, L. F., and Bruger, M., unpublished results. 

* 10 mg of insulin powder assaying about 20 units per mg dissolved in 5 ce of 
physiological saline. We are indebted to the Eli Lilly Company for a generous 
supply of this insulin. 
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of the 3 experiments on the excretion of insulin by the rabbit kidney 
rendered pathologic with uranium nitrate. These protocols show 
(1) insulin is not a constituent of the urine of normal rabbits or of 
the urine excreted by the rabbit kidney rendered pathologic with 
uranium nitrate, at least in the quantities employed. (2) Following 
the intravenous administration of insulin, insulin or an insulin-like 
substancey is excreted readily by the rabbit kidney. The greatest 
concentration of insulin in the urine occurs directly after its admin- 
istration, the rate of excretion tapering off until 3 to 3% hours later 
when insulin no longer could be detected in the urine. (3) After 
the intravenous administration of insulin, this hormone is not ex- 
creted in greater amounts by the pathologic kidney than by the 
normal rabbit kidney. 
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Influence of Thyroid Hormone on Estrin Action. 


ARTHUR E. MEYER AND ANNE WERTZ. 
From the Research Laboratory of the Maltine Company, Brooklyn, N. Y. 


The interference of hyperthyroidism with the response of cas- 
trate female rats to estrogenic hormones was first reported by Reiss 
and Perény.* These authors came to the conclusion that there is 


t Although no definite proof can be offered to substantiate the claim that this 
insulin-like substance is insulin, the following will be of interest. 148 ce of urine 
was obtained from 1 rabbit within a period of 4 hours after the intravenous injec- 
tion of 200 units of insulin. A modified Dudley’s procedure (picric acid precipi- 
tation) was then employed for the precipitation of insulin from this urine. The 
final precipitate thus obtained, though very small in quantity, was dissolved in 
distilled water and the solution injected subcutaneously into a fasting rabbit. In 
2 hours, the blood sugar decreased from 132 mg to 66 mg %. Evidently, this 
hypoglycemic principle present in rabbit urine after the administration of insulin, 
either is insulin or a substance having identical properties. 

t Since blood was present frequently in the urines collected after the injection 
of insulin (due to trauma or to a nephrotoxic action of the insulin protein), it is 
possible that the insulin detected in the urine was not eliminated by the kidney 
but represents contamination with blood containing insulin. For this reason, the 
amount of blood present in the urine was quantitated chemically during those 
times when this blood was known to contain insulin; values of 1 part of blood in 
2000 parts of urine to 1 in 5000 were obtained. Obviously, the quantity of blood 
present in the urine could not have accounted for its content of insulin. 

1 Reiss, M., and Perény, 8., Endokrinologie, 1928, 2, 181. 
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an antagonism between the two hormones. Their observation has 
been confirmed later by Weichert and Boyd’ and Van Horn.* The 
latter advanced the explanation that the increased metabolism ob- 
tained by thyroid feeding brings about a more rapid elimination of 
the estrogenic substance. 

In all these experiments, a rather large dose of thyroid has been 
employed over a relatively long period, producing a considerable 
and sustained increase of metabolism. The present investigation 
was suggested by the idea that quantities of thyroid, too small to 
produce an appreciable increase of metabolism, might have a re- 
versed action on the estrin effect, sensitizing the animal to estrogens. 
This expectation was admissible in view of the fact that thyroid at 
low dosage exerts an anabolic effect in contrast to the catabolic 
action at medication with larger quantities. This latter contention is 
based on the clinical observation that emaciated patients frequently 
gain weight when small doses of thyroid are given. Our own ob- 
servation in thyroidectomized rats is also in agreement with this 
view. The repair of loss in weight suffered through the operation 
is extremely slow for a long time, but rapid gain follows medication 
with minute doses of thyroid. Whether or not the non-thyroxine 
fraction of the thyroid gland might act differently than the thyroxine 
fraction in this respect, was a second question to be investigated. 

Female rats 80 days of age and of established estrous cycle were 
castrated and after allowance of a reasonable time for recovery tested 
for absence of estrus. For priming, a safe excess of urinary estrin 
was used and thereafter the minimum effective dose was determined. 
The total quantity of estrin given to induce estrus in a group of rats 
was termed a unit. Injections were given 6 times, 3 each on 2 con- 
secutive days. Vaginal smears were taken repeatedly on the fourth 
and fifth day. Only perfect estrus was counted as positive response; 
proestrus reaction was not counted. Rats not showing full estrus 
after treatment with the dose that produced the effect in the ma- 
jority of animals of the group (with 1 unit), were discarded. With 
consideration of the possibility that treatment with thyroid might 
have an indefinite influence over a prolonged time and complicate 
subsequent medication, each animal was used only for a single 
experiment. 

The thyroid preparations were given by mouth; in the case of 
thyroxine, a stomach tube was used, in order to avoid any possible 
loss of substance. Perfect ingestion of the accurately determined 
quantity was secured in every instance. 


2 Weichert, C. K., and Boyd, R. W., Anat. Rec., 1933, 58, 55. 
3 Van Horn, W. M., Endocrinology, 1933, 17, 152. 
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The following preparations were used in these experiments: 

1. Crystalline racemic thyroxine. 

2. Dry thyroid substance of 0.46% iodine content, 7. e., more 
than twice U.S.P. strength. 

3. Thyroid globulin, prepared by extraction of fresh pig’s 
thyroid; it contained 0.565% iodine, 0.14% of which was in form 
of thyroxine iodine as determined by the method of Leland and 
Foster.* In consideration of a probable error of 15%, as calculated 
by these authors, the figure would have to be increased to about 
0.165%, corresponding to 0.25% thyroxine. 

4. An acid soluble fraction, prepared by alkaline hydrolysis of 
the previous preparation. This preparation had an iodine content 
of 0.26%; although supposed to contain only the diiodotyrosine 
fraction, its chemical assay still showed 0.0085% of thyroxine 
iodine or 0.01% corrected. 

The approximate calorigenic effect of the thyroid preparations, 
as determined in preliminary metabolic experiments, was estimated 
to be at least 3 times that of the corresponding thyroxine content. 
The metabolic effect in castrate females, however, was not deter- 
mined. The experiments performed are compiled in Tables I-III. 

The results seem to permit the following conclusions: 

Table I. . Treatment with thyroid material at moderate but effica- 
cious doses for 3 days does not interfere markedly with the action 


TABLE I. 
Reaction 
Daysof Units Daysof —— 
Single Dose Times medication Estrin injection pos.neg. Remarks 
1. Thyroxine 5 mg 1 x i 3 and 4 6 0 
2. oe an 8 1-3 1 5 and 6 6 0 continued 
Thyroid* 30 ge fF 11-20 Lt 19and20 0 8 _ test 
3. Thyroxine Au eae 1-3 15 5and6 ehere ! 
4. Thyroglobulint 30 meh? 8 1-5 14 T7and8 4 2 continued 
a 30 RW 11-22 14 21and22 0 6 _ test 


*This dose is equivalent in metabolic effect to 0.2 mg thyroxine, by estimation. 
tEquivalent to 0.225 thyroxine. 


TABLE II. 
Reaction 
Daysof Units Daysof —— 
Single Dose Times medication Estrin injection pos.neg. Remarks 
Thyroglobulin 4mg 5 1-5 0.8 7and 8 8 continued 
ns 4mg 11 11-22 0.8 21and 22 8 test 


4QLeland, J. P., and Faster, G. L., J. Biol. Chem., 1932, 95, 165. 
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TABLE III. 
Acid soluble thyroid fraction, 100 mg, equivalent in activity to approximately 0.12 
thyroxine. 
Reaction 
Daysof Units Daysof —— 
Single Dose Times medication Estrin injection pos.neg. Remarks 
1. 250 mg 1 1 0.6 2and3 9 continued 
VAN Wied 3 10-12 0.6 14 and 15 9 test 3 
200) 2 11 21-32 1.0 29and30 2 7 
1.0 39 and 40 9 
1.50 49and50 9 
2, 250”? Bey 6800 piu ese candiOk c.g ued 
After 3 weeks without medication 1 A 0s ef 
a) 4 2) 9) 2? 12 6 2 
100772 5 1-5 i 7 and 8 5 2 continued 
LO0\72 11 11-22 1 21 and 22 7 ~~ test 
100 ”’ 5 1-5 15 7and8 if continued 
100;2? tal 11-22 15 2land22 7 test 


of estrin; treatment for more than 5 days increases the threshold 
for estrin. 

Table Il. Thyroid globulin at subminimal doses does not sensi- 
tize the animals to the action of estrin. 

Table III. A product low in thyroxine, but high in the diiodo- 
tyrosine fraction, given at a comparatively low, but on prolonged 
administration efficacious, dosage does not sensitize to estrin during 
a few days of medication. A calorigenic effect cannot yet be sup- 
posed after this short treatment. Longer treatment causes inter- 
ference. This effect continues increasing for some time after cessa- 
tion of treatment. At the doses used, the estrin requirement for 
induction of estrus is not increased beyond 50%. 

The impression is gained that the need for increased estrin after 
thyroid treatment is dependent on the increase in metabolism, be it 
that estrir. is metabolized at a proportionately augmented rate or 
that the tissues in stimulated activity require larger quantities of 
estrin to respond. 


847 
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Metabolism in Normal and Thyroidectomized Rats as Influenced 
by Thyroxine and Thyroid Globulin Feeding. 


ARTHUR E. MEYER AND ANNE WERTZ. 
From the Research Laboratory of the Maltine Company, Brooklyn, N. Y. 


The evaluation of thyroid preparations is still in an inchoate state, 
because (1) the accepted method, based on iodine content, does not 
give an estimation of the physiologic activity, since the thyroxine 
component of standard products may vary considerably (up to 
600% as found by Harrington and Randall’) ; (2) the methods of 
thyroxine assay available give more comparative than absolute 
values; (3) the physiologic action of thyroid substance or extract 
seems to depend partly on the chemical linkage between the thy- 
roxine and other groups present. While the investigation of 
Thompson and co-workers® showed that the potency of thyroid sub- 
stance is considerably reduced by hydrolysis, which would break up 
such linkages, Palmer et al.* concluded from their experiments on 
guinea pigs that the calorigenic action of thyroid substance is a 
direct function of the thyroxine contained, which, however, is 
present in the /-form and twice as potent as the commonly prepared 
racemic mixture. 

In our attempt to find a reliable and’ fairly accurate method of 
bioassay, we used first normal and later thyroidectomized male rats, 
finding in the latter a far more suitable test animal. In this we are 
at variance with the work of Gaddum,* which is probably explain- 
able by the difference in the age of the rats used. 

A closed circuit apparatus was used, as described by Benedict.° 
The normal rats used were 80-100 days of age. Thyroidectomy was 
performed when the rats were 70-80 days old. In the latter case, 
at least 3 weeks were allowed for recovery. The rats were starved 
for 20 hours and allowed to remain for 30 minutes in the respira- 
tion chamber before testing. The temperature was kept constant 
at 30° throughout the experiments. The time necessary for the 

2 Thompson, W. O., Thompson, P. K., Taylor, S. G., III, and Dickie, L. F., 
J. Clin. Invest., 1937, 16, 479. 

3 Palmer, W. W., and Leland, J. P., J. Clin. Invest., 1935, 14, 619; Foster, 
G. L., Palmer, W. W., and Leland, J. P., J. Biol. Chem., 1936, 115, 467. 


4Gaddum, J. H., J. Physiol., 1930, 68, 383. 
5 Benedict, F. G., J. Nutrition, 1930, 8, 161. 
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consumption of a constant volume of oxygen was measured, and 
results calculated as mg O, per hour per kg weight. Readings were 
accepted only when the animal remained quiet but not asleep, and at 
least 2 series had to agree on the same day. Two consecutive tests 
several days apart had to agree before medication was given. Such 
rats that did not remain quiet enough to give uniform results or 
showed abnormalities (e. g. tetany) after operation were eliminated. 
The percentage of normal as well as thyroidectomized rats that had 
to be rejected in proper selection of animals was quite considerable. 
Each animal was used only once for a medication, to avoid the pos- 
sible influence of progressing age. As standard medication we used 
crystalline d,/-thyroxine, dissolved in slightly alkalinized water. In 
comparison, a thyroid globulin preparation was used, containing 
0.565% total iodine, 0.14% of which was present as thyroxine 
iodine, determined by the method of Leland and Foster.® Considering 
an estimated loss of 15% in the determination, the corrected value is 
0.165%, equivalent to a content of 0.25% thyroxine. Both prep- 
arations were fed by stomach tube in accurate quantities in propor- 
tion to body weight on 3 consecutive days. Metabolism was deter- 
mined on the fifth day, at which time the peak of the metabolic curve 
is reached. Preliminary tests leading to this technic will be reported 
later in a complete publication. 


TABLE I. 
Normal Rats Fed Thyroxine. 


No. of rats af i 5 1 3 
Dose, micrograms 31 28 25 15 10 
% increase of metabolism 39 47 20-41 18 0-29 
TABLE II. ; 
Thyroidectomized Rats Fed Thyroxine. 
No. of rats 1 i 1 1 3 2 2 6 6 
Dose, micrograms 25 12.5 10 6 3 2 i 0.75 0.5 
% increase in : 
metabolism 46 46 45 42.5 35-39 27-36 27-35 25-36 5-12 
Avg 46 46 45 42.5 37 32 31 28.8 9.6 
TABLE III. 
Thyroidectomized Rats Fed Thyroid Globulin. 
No. of rats 5 6 9 6 
Doses of thyroglobulin 100 75 50 40 
Equivalent to thyroxine 0.25 0.19 0.125 0.1 
% increase in metabolism 28-36 18-31 13-20 3-10 
Avg increase 31 24 16 7 


6 Leland, J. P., and Foster, G. L., J. Biol. Chem., 1932, 95, 165. 
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Results: The normal rats used had an oxygen consumption vary- 
ing from 1420 to 1670 mg O, per kg per hour, but for the individual 
rat the figure was constant within a limit of 8%. The O, consump- 
tion of thyroidectomized rats was 900 to 1200 mg per hour per kg. 
Medication with varying doses of thyroxine in micrograms per 
10 g weight and given daily for 3 days, and corresponding medica- 
tion with thyroid globulin, calculated on thyroxine content, gave 
the results presented in Tables I-III. 

While it seems that in normal rats the dose of 25 y thyroxine 
might fall within the range of best measurable response, the spread 
of figures is too wide for acceptable conclusions to be drawn. 
Thyroidectomized rats are about 30 times more sensitive. Although 
the number of experiments presented so far is limited, a tentative 
interpretation of results seems to be permissible. They indicate 
that the percentage metabolic increase plotted as a function of dosage 
follows a logarithmic curve. A minimum dose is required before 
any response obtains. Increase of dosage produces initially a rapid 
increment of metabolism, which approaches a more gradual linear 
function at 20 to 35% increase and finally becomes slower. For 
comparative measurements, an increase between 25 and 30% seems 
to be the most favorable range. Surmising that thyroxine is the 
sole stimulator of metabolism in the thyroid globulin, between 0.19 
and 0.25 y thyroxine given in this form appears to be as active as 
0.75 y crystalline thyroxine, which would mean that thyroxine in 
natural linkage is 3 to 4 times more potent than the racemic sub- 
stance. 
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Hemolysin in the Urine in Aplastic Anemia. 


Jures C. ABELS AND C. P. Ruwoaps. 


From the Long Island Biological Laboratory and the Hospital of the Rockefeller 
Institute for Medical Research, New York City. 


Ample evidence is at hand to prove that a substance which is lytic 
for erythrocytes is present in the urine of human beings under 
normal conditions. Few studies are available of this phenomenon 
in patients with disorders of the blood in which hemolysis might 
be a factor. Accordingly, the urines of patients with certain repre- 
sentative types of blood dyscrasia have been investigated for their 
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content of lysin. In the urine of patients with aplastic anemia lysin 
has been found to be present in a form which is different from that 
described for any normal or any pathologic state studied hitherto. 

McKee’ first observed the lytic activity of human urine. Ponder? 
found lysin in more than 90% of normal human urines and states 
that although it may be absent on any one day it appears regularly 
in all normal individuals. Abels* in a detailed study of the subject 
examined 2,026 normal urines and found lysin in 93%. No indi- 
vidual secreted non-lytic urine for more than 4 days in succession. 
The urines from 72 individuals were examined for periods of 2 to 5 
weeks and those of 400 individuals for 1 day only. The lysin was 
heat stable, alcohol soluble, diffusible, adsorbable, destroyed finally 
by alkali, and inhibited by plasma proteins, lecithin and cholesterol. 

For the simple determination of lytic effect, human erythrocytes 
were washed 3 times in 5 volumes of isotonic saline and made up in 
a concentration of 1% in saline. Urine samples measuring 0.5, 0.25 
and 0.125 cc were measured and mixed with 1 cc of the suspension 
of erythrocytes. The tubes were kept at 37° in a bacteriological 
incubator for 4 hours. The titre of the urine lysin is indicated by 
the lowest dilution of urine which effects complete lysis of erythro- 
cytes in that time. 

For the recovery of lysin from the non-lytic urine of cases of 
aplastic anemia, 1 volume of urine was brought to pH 1 with 6 N 
HCl. This was refluxed for 30 minutes, cooled, brought to pH 6 
with 2 N NaOH and evaporated to dryness on the water bath. The 
residue was ground with 1 volume of 95% alcohol for 15 minutes 
and filtered. The precipitate was washed twice with one-fourth 
volume of 95% alcohol with repeated grinding and the washings 
were added to the filtrate. The whole was evaporated to dryness 
on a boiling water bath. The residue was taken up in one-half 
volume of isotonic saline filtered and adjusted to a pH of 5.6. Of 
this final saline solution 0.5 cc was added to 1 cc of 1% suspension 
of washed human erythrocytes and placed in an incubator at a tem- 
perature of 37°C. The tubes were examined, without removing 
them from the incubator, every 5 minutes for 15 minutes and at 
intervals of 10 minutes thereafter. 

All of the 8 cases of aplastic anemia tested were typical. In 5 the 
diagnosis had been confirmed by examination of the bone marrow. 
In all cases repeated transfusions of blood as well as heavy treat- 


1McKee, ©. 8., Brit. Med. J., 1915, 2, 596. 
2 Ponder, E., Brit. J. Exp. Path., 1921, 2, 34, 192. 
3 Abels, J. C., Am. J. Physiol., 1934, 107, 603. 
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ment with liver extract and with iron failed to cause improvement. 
All these patients had been ill with anemia for months or years, and 
showed little or no evidence of regeneration in the peripheral blood. 

Table I shows the results of testing normal urine for the presence 
of lysin. Of 2,460 tests, 2,234 were lytic in the experiments of 
Ponder and of Abels. In Table II are shown the results of testing 
89 specimens from 8 patients with aplastic anemia. In no instance 
was any lytic activity present on direct test even though the observa- 
tions were continued over weeks. It has been previously noted that 
normal urines of pH higher than 6.2 were almost invariably non- 
lytic unless extremely ammoniacal. In the present study of 89 


TABLE I. 
Lytic specimens 
Controls from Period of po, 
average population observation No. % 
2,460 1 day to 4 months 2,234 91 
TABLE II. 
Hemolysin Before Hydrolysis in Urine of Patients with Aplastic Anemia. 
Patients No. of specimens No. of days No. lytic 
M.J. 22 18 0 
A.C. 21 17 0 
D.L. 19 16 0 
G.M. 14 12 0 
MLR. 7 7 0 
C.D. 5 5 0 
L.C. 2 2 0 
C.J. 2 2 0 
Total 92 0 


non-lytic specimens, only 4 were of a pH greater than 6.2. Thus this 
finding was completely contrary to any result obtained in normals 
and warranted further study. We felt, therefore, that if the lysin 
were excreted it must be in some bound or conjugated form; and 
that if mildly hydrolyzed at pH 1 it would again be demonstrable. 
We had previousy noted* that the lysin in the urine could withstand 
such acid treatment with unimpaired activity. 

Accordingly, the non-lytic urines were refluxed for 1 hour at 
100°C at pH 1, neutralized to 5.6, evaporated to dryness, and the 
residue extracted with alcohol, since it was known that the lysin of 
the normal urine is soluble in alcohol. As controls, 4 normal urines 
which were known to be lytic were subjected to the same procedure 
and also 4 normal urines which had been found to be non-lytic. The 
results are shown in Table III. Of the urines of patients with 
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TABLE III. 
Hemolysin After Hydrolysis in Urine of Patients with Aplastic Anemia. 


Patients No.ofspecimens No.of days No. lytic Time required for lysis 


min 
J.J. 8 8 6 10-10-15-30-30-30 
A.C. 4 4 3 §-15-15 
D.L. 8 8 8 5-5-20-30-30-40-40-40 
G.M. 4 4 4 5-20-20-20 
M.R. 5 5 4 10-15-20-45 
C.D. 5 5 5 15-20-25-40-40 
L.C. 2 2 2 25-35 
C.8. 2 2 2 15-15 
Total 38 36—94% 
Normals 
J.A. (lytic) 4 4 4 
J.A. (non-lytic) 4 4 0 


aplastic anemia that were tested, none were lytic before hydrolysis, 
but after hydrolysis 88% were productive of lysis. In the control 
tests, on the other hand, no lysin was present after hydrolysis in the 
normally non-lytic urines, though it was still present after hydrolysis 
in the normally lytic urines. 

As further controls, urines were examined from patients with 
pernicious anemia, Hodgkin’s disease, and microcytic anemia due 
to lack of iron. The results are shown in Table IV. Over a period 


TABLE IV. 
Hemolysin in Urine of Patients with Blood Dyscrasias Other Than Aplastic 
Anemia. 

Cases No. of specimens No. of days No. lytic 
Pernicious anemia 16 14 14 

tg Ae 20 16 19 
Microcytie ”’ 16 14 14 
Hodgkin’s disease 10 10 8 


of 54 days, 62 urines were examined, and of these 55 showed lysis— 
approximately the expected result in normals. 

From the results it is clear that a lysin which is present in the 
untreated urine of normal individuals, of patients with pernicious 
anemia, and of patients with microcytic anemia, is not demonstrable 
in the untreated urine of patients with aplastic anemia. By mild 
acid hydrolysis the lytic property may be restored in the urine of 
patients with aplastic anemia. This is an abnormal finding, how- 
ever, since no lysis is caused by normally non-lytic urine from nor- 
mals or from patients with other disease states after acid hydrolysis. 
Suitable controls establish the fact that the lysis is not due to pH, to 
tonicity, or to the ordinary physical factors productive of break- 
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down of erythrocytes. It seems probable that the normal lysin is 
present in the urine of aplastic anemia but is excreted in a bound 
form. Studies of Ponder* and of Ponder and Abels’ suggest that 
the action of the ordinary inhibitors of lysis is a physical one on 
the erythrocyte and not a combination of inhibitor with lysin which 
renders the lysin inert. 

Because of the relatively weak hydrolysis required to free lysin 
from the bound form in urines from patients with aplastic anemia, 
it is reasonable to suspect that some loose linkage, such as a glu- 
curonate, is present rather than some more permanent conjugation. 

Further studies of the nature of the lysin and of the method of 
conjugation are in progress. 

Summary and Conclusions. 1, The urine of patients with aplastic 
anemia contains no lysin for erythrocytes when tested directly. 
2. Lysin appears after hydrolysis at pH 1 and 100°C for 1 hour. 
3. Such hydrolysis does not result in the production of lysin in 
urines which are non-lytic normally. 


10038 P 
The Comb of the Baby Chick as a Test for the Male Sex 


Hormone. 


Ropert T. FRANK, EMANUEL KLEMPNER* AND FRANKLIN 
HOLLANDER. 


From the Laboratories of the Mount Sinai Hospital, New York City. 


This work is a continuation of that already reported’ on the use 
of comb growth in white leghorn chicks for the assay of male sex 
hormone activity. The method previously employed involved the 
daily application of 0.1 cc of sesame oil, containing crystalline 
androsterone, to the region of the comb; the chicks were started on 
the 6th day after birth, treatment was continued for 10 days, and 
the combs were excised and weighed on the 17th day; the total 
dosage varied from 0 to 500 gamma, which corresponds to 0-50 
gamma per daily application. In all of these experiments, there 


4 Ponder, E., Proc. Roy. Soc., 1925, 98, 484. 

5 Ponder, E., and Abels, J. C., in press. 

*Hiram N. Vineberg Research Fellow in Gynecology. 

1 Frank, R. T., and Klempner, E., Proc. Soc. Exp. Bion. AND Mep., 1937, 36, 
763. 
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occurred a progressive increase in comb weight with dosage of 
androsterone, but the graphs were highly irregular and curved 
toward the dosage axis as if they might reach plateau values beyond 
500 gamma. The chief aim of the present work was to determine 
what changes in the experimental conditions previously employed 
must be made in order to effect: (1) An increase in uniformity of 
the comb growth response of any one group of chicks treated simul- 
taneously with the same quantity of hormone, this uniformity being 
measured by the standard deviation of the mean for the entire group. 
(2) An increase in sensitivity of the reaction, as measured by the 
mean difference in comb weight per unit weight of androsterone 
throughout the entire range of dosage employed. 

To attain this objective, it has been found desirable to introduce 
the changes in procedure indicated in Table I. 


TABLE I. 

Experimental conditions Previous study Present study 
Age of chick at beginning of application (days) 6 3 
Duration of application (days) 10 7 
Frequency of application Daily Daily 
Range of total weight of androsterone per chick 

(gamma) 0-500 0-50 
Volume of sesame oil used daily (cc) 0.1 0.05 
Precautions concerning droppings, contact of 

chicks, segregation of different groups, uni- Maintained 

formity of lighting conditions throughout 


The use of younger chicks and the reduction of the period of 
application of the androsterone resulted in a marked increase in 
uniformity of the data; an improvement likewise resulted from the 
reduction in volume of oil used as vehicle, presumably because of 
diminished loss by spreading beyond the comb area. The sensitivity 
of the reaction was increased considerably by reducing the dosage 
range as indicated. 

In all, 5 independent series of experiments have been performed, 
the number of chicks in any one series varying from 70 to 204. 
With one exception, each series was made up of 6 groups of chicks, 
each group corresponding to a different dosage value from 0 to 50 
gamma inclusive. The final data were plotted as mean comb weight 
for all the chicks of any one group against the dosage for that group. 
The graph for any one series approximates a straight line, although 
the degree of approximation is not as good for the series based on 
less than 100 chicks as it is for the larger series (Fig. 1). Grossly, 
the lines all possess the same slopes, but their intercepts on the comb- 
weight axis are different; similarly, separate plots for the 2 sexes 
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A Males 
30 12) Females 
- X Both Sexes 


WEIGHT OF COMB (mgms) 


0 10 -20 30 40 50 
TOTAL WEIGHT OF ANDROSTERONE PER CHICK (7) 


Relations between comb weight eo wid dosage for a single series 
(S 18) of 150 chicks, uncorrected for control values. 
in any one series manifest a higher intercept for males than for 
females—in conformity with the observations of Dorfman. In 
other words, the graphs corresponding to the independent series or 
to different sexes of the same series appear to be distinct but parallel. 

Consequently, all these graphs (including those for opposite 
sexes ) tend to coincide if each series of data is corrected by subtract- 
ing from the mean comb weight for each group the corresponding 
value for the untreated chicks (controls) of the same series and 
sex. The identity of these corrected graphs is sufficiently close to 
indicate the existence of a characteristic curve for assay purposes; 
the fact that this curve is practically linear will make its use for these 
purposes a simple matter. The data for all 5 series of experiments, 
corrected in this way, have been combined into a single large series 
of 582 chicks, making adequate allowance for the number of chicks 
in each group. These combined plots—for separate and mixed 
sexes—are shown in Fig. 2. 

Further efforts to increase the uniformity of the results obtained 
with small groups of chicks are now in progress. The final report 
will contain a detailed statistical analysis of the data. 


2 Dorfman, R. I., and Greulich, W. W., Yale J. Biol. and Med., 1937, 10, 79. 
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WEIGHT OF COMB (mgms) 


x Both Sexes 
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TOTAL WEIGHT OF ANDROSTERONE PER CHICK (+) 
Fig. 2. 


Relations between comb weight and androsterone dosage for all 5 series com- 
bined, of 582 chicks, corrected for control values. 


We desire to express our thanks to Dr. Erwin Schwenk of the 
Schering Corporation of New Jersey for supplying us with the 
androsterone used in this investigation. 
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Penetration of Radioactive Ions, Their Accumulation by Proto- 
plasm of Living Cells (Nitella coronata). 


S. C. Brooks. 


From the University of California, Berkeley.* 


Exploratory experiments with K*, Na*, Rb* and Br*f reveal 
hitherto unknown steps of the process of penetration of these ions 


* This investigation has been supported by the Board of Research, and the 
radioactive elements have been provided by the Radiation Laboratory of this 
University. 

+ We shall refer to radioactive isotopes of elements as K*, Na’, etc., in con- 
trast to the inactive elements, K, Na, etc. 
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into living cells. Studies of plant cells with K** *** have already 
shown that it is indispensable to separate the protoplasm from the 
sap, and to study both of these portions separately. Animal cells 
lack an obvious vacuole, but experiments with erythrocytes in vivo 
show that the absorption or removal of ions from the blood as a 
whole takes place. The amount of ions was deduced from the 
emission of 8 particles, using a Geiger-Miiller counter and the ratio 
of the count to the known amount of the radioactive salt used.t 
When K*C1 is injected in a ca, isotonic solution into a rabbit (which 
has K rich erythrocytes) the K* disappears from the plasma mainly 
by excretion or absorption, but apparently enters the erythrocytes 
to approximate diffusion equilibrium but without conspicuous accu- 
mulation. When Na*Cl is injected neither loss from the blood nor 
accumulation of Na* takes place conspicuously. It is hoped that 
more significant data can be obtained by experiments im vitro. 

Earlier experiments with Nitella show that K* does not accumu- 
late to any great extent (7. ¢., attain concentrations exceeding those 
of the immersion fluid) in the sap during about the first 10 hours. 
But during this period we can find pronounced accumulation of ions 
in the protoplasm, the concentrations being often 10 or 25 times as 
high in the protoplasm as in the immersion fluid. In this accumu- 
lation we can distinguish 3 or 4 phases, shown by K*: (1) a rapid 
intake of K*, usually complete within 1 or 2 hours, which may be 
an exchange of K* from the solution for K from the cell; (2) loss 
of K* from the protoplasm continuing for 2 to 4hours, and possibly 
due to the slower entrance of other cations, replacing K* and K. 
This exchange is relatively slow because these ions have other prop- 
erties (e. g., Na) or a lower concentration (e. g., H) in exchange 
for the K* already taken in. (3) Steady intake of K* possibly due 
to exchange of K* from the medium for metabolic products, viz., 
weak electrolyte cations. 

In one experiment 3 lots of cells were first exposed to 0.01 M 
KCl for 4 days, while one lot was not so treated. Then the control 
cells were exposed to 0.01 M K*Cl while the treated lots were ex- 
posed to 0.0033, 0.01 and 0.03 M K*Cl respectively. During Phase 
1 the cells took in K* into the protoplasm in proportion to the K 
content of the cells as shown by the difference between the control 


1 Brooks, 8. C., Trans. Faraday Soc., 1937, 38, 1002. 

2 Brooks, 8S. C., Am. Nat., 1938, 72, 124. 

8 Brooks, 8. C., J. Cell. Comp. Physiol., 1938, 11, 247. 

+ Experimental details are given in reference 3 in essentially the form used in 
the present work. 
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cells and similar cells which presumably took in K during the pre- 
vious immersion in KCl. Furthermore, the amount of K* taken in 
by cells first treated and then exposed to 0.0033, 0.01 and 0.03 M 
K*Cl was at least approximately proportional to those concentra- 
tions. In contrast with this, during Phase 3, starting at different 
initial levels of concentration, there was no difference in the rate of 
intake. Penetration was independent of the external concentration 
of K*Cl and was dependent on forces put into play by the cell, pre- 
sumably metabolic in nature. 

A still later phase, with loss of K* from the eatoptngim can be 
distinguished as Phase 4. It occurred after 12 to 18 hours. This 
may result from injury, and was usually accompanied by increase 
of K* in the sap at this stage. 

Similar experiments with Nitella previously immersed in NaCl 
instead of KCl and then in Na*Cl, showed that Phase I led to intake 
of Na* proportional to the external concentration of Na*Cl, as in the 
case of K*. But there is little difference between cells previously 
exposed to NaCl and not so exposed. We may conclude that Na is 
not taken in rapidly, although Na* can be rapidly exchanged for K 
or Na from the cell. After Phase 2 brought the concentration of 
Na* to a lower level, Phase 3 revealed almost no intake, confirming 
the low rate of entrance of Na. 

Comparison of the rate of Na*, K* and Rb* during Phase 3, 
which may reflect the permeability of the protoplasm to different 
ions, yielded values of 0.001, 0.01 and 0.005 M/hour respectively. 
The data for Rb* were obtained under different conditions, but if we 
assume the validity of all the points, we may conclude that the pene- 
trability of K>Rb>Na. 

For Br* we find that under comparable conditions, (1) there is 
no Phase 1 exchange, possibly because there is no Br in the normal 
cell; (2) Br* may penetrate from a distilled water solution of KBr* 
(pH 6.6) ata rate of 0.006 M/hr, while K*C1 from a distilled water 
solution (pH 6.6) penetrates at a rate of 0.015 M/hr. 

We have also tried single experiments on the effects of pH”’, of 
various compounds which may produce considerable increase of 
intake of K* during Phase 1, so that they cause accumulation in the 
protoplasm, up to about 20 times that in the external concentration, 
and of CN- 5 X 10* M, which increases the K* concentration in the 
protoplasm as observed after 5 hours’ exposure to K*Cl, while less 
K* gets into the sap at that time. The later stages show differences 
according to the pH, using 1 X 10* M buffers: ipa at 5.75 
and 6.68, and borate at pH 8.0. 
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Gelation of Serum by Ethyl] Alcohol. 


ALFRED Lewin. (Introduced by W. Antopol.) 


From the Medical Clinic, University of Basle, Switzerland. 


In the course of experiments on denaturation of serum* I ob- 
served the phenomenon of gelation of human sera following the addi- 
tion of ethyl alcohol in higher concentrations. Gaté and Papa- 
costas' described a similar serological reaction using formaldehyde. 
They offered this as a test for the diagnosis of syphilis but subse- 
quently it was found to be of no value as such. 

Principle of method: A known amount of ethyl alcohol (80%) 
is added to an equal amount of serum, shaken well, and the time 
determined in which the mixture turns into a gel. The gelation may 
at times be so complete that the tube may be inverted without the 
contents being spilled. The test-tubes used for the reaction must be 
of equal diameters when comparative studies are made. 

Method: 0.2 cc of serum are measured into test-tubes 8 cm long, 
7.5 mm internal diameter. Over the serum is then stratified 0.2 cc 
80% ethylalcohol. At the adjacent surfaces of these fluids a precip- 
itate is formed. The tubes are then well corked and shaken vigorous- 
ly until the mixing of the serum and alcohol is complete. This is rec- 
ognizable by the milky white to yellowish white appearance which 
the solution assumes. The results are designated according to the 
degree of gelation which has taken place as follows: +++, com- 
plete; ++(-+), almost complete; +-+, strong; +(+), medium; 
+, weak; (+) beginning; —, none. 

The test is carried out at room temperature. After 5 min., 30 
min. and 3 hours the results are read; each tube is taken from the 
test-tube stand and is slowly tilted between thumb and forefinger 
at first to an angle of almost 90° and then, if the gelation is strong 
to complete, to an angle of 180°. While the conditions of this 
experiments are very simple, the differences in the intensity of gela- 
tion are very striking. In time the mixture coagulates to such a 
degree that one single large flocule is formed. 

The time of gelation can be markedly influenced in several ways. 


* The work was begun under supervision of Professor H. Sachs at the Institute 
for Experimental Cancer Research at Heidelberg during the winter 1934-35, and 
continued in the institute of Professor R. Staehelin in Basle. 

1 Gaté and Papacostas, Compt. rend. Soc. de Biol., 1920, 83, 1432; tbid., 1923, 
89, 1305. 
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The gelation is accelerated and intensified: (a) by increasing the 
concentration of the alcohol; (b) by raising the temperature of the 
mixture; (c) by inactivation of the serum (that is by heating % 
hour at 55-56° C); (d) by aging the serum. 

Experiments on about 1500 sera of various origins were made, 
and the results, which will be reported in more detail in a later pub- 
lication, are as follows: 

1. The complete gelation in normal sera takes place after several 
hours. In certain cases however it does not occur even after days. 
2. It is noticeable that positive Wassermann sera react like normal 
sera. 3. In most cases the value of the gelation was correlated with 
the sedimentation rate and only to a certain degree did the 2 reac- 
tions run parallel. Apart from normal sera there was no parallelism 
between the rate of the gelation and the sedimentation time. 4. Other 
serum reactions were also used for comparison. Takata-Staub posi- 
tive sera in several cases showed a corresponding positive result to 
the gelation test. 5. At the first reading (after 5 min. at room tem- 
perature) the gelation was strong to complete in many cases of the 
following diseases: pulmonary tuberculosis, pleurisy, lobar pneu- 
monia, Hodgkin’s disease, cirrhosis of the liver, carcinoma. 

The phenomenon described is a non-specific serum reaction which 
is striking in certain diseases. Its value as a differential diagnostic 
test remains to be determined by further studies. 
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Failure of Nicotinic Acid to Prevent Nutritional Cytopenia in 
the Monkey.* ; 


Paut L. Day, Witi1am C. LANGSTON AND WILLIAM J. Darsy. 


From the Departments of Physiological Chemistry and Anatomy, School of 
Medicine, University of Arkansas, Little Rock. 


Day, Langston and Shukers’ demonstrated that when monkeys 
(Macaca mulatta) were given a diet “deficient in vitamin G (B.) 
and possibly deficient in less well-known organic substances which 
may be essential . . .” they developed a rapidly progressive blood 


* Research paper No. 515, Journal Series, University of Arkansas. Aided by 
grants from the Committee on Scientific Research of the American Medical Asso- 
ciation and the Ella Sachs Plotz Foundation. 

1 Day, Paul L., Langston, W. C., and Shukers, C. F., J. Nutrition, 1935, 9, 637. 
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dyscrasia characterized by anemia, leukopenia, loss of weight and 
death, and, in some cases, ulceration of the gums, anorexia and 
diarrhea. It was later shown? that when the diet was supplemented 
with yeast or a liver-stomach preparation the blood picture remained 
normal. Unpublished experiments have demonstrated that ribo- 
flavin did not appreciably alter the course of the disease. 

Funk and Funk® reported that nicotinic acid possessed vitamin 
activity. Recent experiments have shown that this substance is 
effective in the treatment of black-tongue in dogs*” and pellagra in 
man.*’ Gyorgy* has reported that it prevented nutritional panmye- 
lophthisis in rats.° The effectiveness of nicotinic acid in these nutri- 
tional disorders suggested its use in experimental anemia and leuko- 
penia in the monkey. 

In the experiments here reported the original monkey diet’ was 
modified by the substitution of 0.01 g of ascorbic acid (Merck) 
daily for the orange juice, and the use of a more complete salt mix- 
ture. Nicotinic acid (Eastman) was added in the form of a 
standard aqueous solution, which was mixed with the individual 
portions of the diet immediately before feeding. Detailed data on 
2 of the monkeys are presented in Table I. Similar data were ob- 
tained in one other animal which also received 10 mg of nicotinic 
acid, and in 2 monkeys which received 50 mg daily. All 5 of the 
monkeys developed the characteristic syndrome of leukopenia and 
anemia and the condition terminated fatally in periods of time 
similar to the survival of monkeys receiving the deficient diet only. 
The blood picture of normal animals in our colony is presented else- 
where.** It is evident that the nicotinic acid was ineffective in pre- 

2 Day, Paul L., Langston, W. C., and Shukers, C. F., J. Biol. Chem., 1936, 
114, xxy. 

3 Funk, ©., and Funk, I. C., J. Biol. Chem., 1937, 119, xxxv. 

4 Elvehjem, C. A., Madden, R. J., Strong, F. M., and Woolley, D. W., J. Am. 
Chem. Soc., 1937, 59, 1767; J. Biol. Chem., 1938, 128, 137. 

5 Smith, D. T., Ruffin, J. M., and Smith, 8. G., J. A. M. A., 1937, 109, 2054. 

6 Spies, T. D., Cooper, C., and Blankenhorn, M. A., J. A. M. A., 1938, 110, 
622, 766. 

7 Fouts, P. J.. Helmer, O. M., Lepkovsky, 8., and Jukes, T. H., Proc. Soc. 
Exp. Biot. AND MEp., 1937, 37, 405. 

8 Gyorgy, P., Proc. Soc. Exp. Brot. AND MED., 1938, $7, 732. 

9 Gyorgy, P., Goldblatt, H., Miller, F. R.; and Fulton, R. P., J. Hap. Med., 
1937, 66, 579. 

10 Hubbell, R. B., Mendel, L. B., and Wakeman, A. J., J. Nutrition, 1937, 14, 
273. 

11 Shukers, C. F., Langston, W. C., and Day, Paul L., Folia Hematol., 1938, in 
press. 
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venting the blood dyscrasia. In view of the rapid disappearance of 
oral lesions in pellagrins treated with nicotinic acid, it is interesting 
to note that the substance failed to prevent the gum ulceration in 
the monkeys. 

These data clearly indicate that monkeys require some factor 
(contained in yeast and liver extract”) in addition to those com- 
monly recognized as components of the vitamin B complex. We do 
not interpret these results as showing that monkeys do not require 
nicotinic acid, but rather that this factor necessary to prevent nutri- 
tional cytopenia in the monkey is not identical with nicotinic acid. 
Furthermore, this syndrome in monkeys is not analogous to black- 
tongue in dogs or to that portion of the pellagra syndrome which is 
cured by nicotinic acid. Although Harris did not report blood find- 
ings in his experiments on the P-P requirement of the monkey,” 
the diet, weight curves, and the survival periods would suggest that 
his animals may also have been suffering from a partial deficiency of 
this hitherto undifferentiated factor. In view of the similarity of 
Gyoérgy’s panmyelophthisis in rats and this nutritional cytopenia in 
monkeys, it is surprising that the one is prevented by nicotinic acid 
and that the other is not. 

Summary. Five monkeys were given a diet which experience 
had shown would produce anemia, leukopenia and death. Three of 
the monkeys received daily supplements of 10 mg, and 2 received 
50 mg of nicotinic acid. The nicotinic acid did not prevent the 
cytopenia or prolong life. It is evident that this syndrome in the 
monkey is not analogous to black-tongue in dogs or pellagra in man. 
We wish to propose the designation “vitamin M”’ for the hitherto 
undifferentiated factor which prevents this nutritional cytopenia in 
the monkey. 


12 Harris, L. J., Biochem. J., 1937, 31, 1414. 
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Decerebration in the Dog by Complete Temporary Anemia of 
the Brain. 


HERMAN KaBaT AND CLARENCE DENNIS. (Introduced by M. B. 
Visscher. ) 


From the Department of Physiology, University of Minnesota, Minneapolis. 


In many investigations, it is desirable to perform experiments 
upon animals in the absence of anesthetics. The usual procedure is 
that of Sherrington, namely, to decerebrate surgically under ether, 
to stop the anesthesia, and to proceed at once with the experiment.’ 
Under such conditions, profound shock and the depression due to 
the residual anesthetic agent throw some doubt on the reliability of 
the results. A more delicate method of decerebration has been 
devised for the cat by Pollock and Davis.? In this method, an 
anemic ‘decerebration is produced by ligation of the basilar and 
carotid arteries under ether anesthesia. In the dog, the inaccessi- 
bility of the basilar artery makes this a difficult method. 

It has been shown that the nerve cells of the brain stem are much 
more resistant to anemia than are those of the cerebral hemispheres.® 
It is therefore possible to produce extensive cerebral damage by a 
period of anemia which will allow the cells of the brain stem to 
recover. Guthrie, Pike and Stewart* and Gildea and Cobb® studied 
the effects of temporary occlusion of the 4 chief cerebral vessels in 
the neck under ether anesthesia, and were unable to predict the 
severity of the destruction produced by a given period of such 
occlusion. The variability in their results was due primarily to their 
failure to interrupt the flow in the spinal arteries, which is not con- 
stant from animal to animal. A further uncertainty must have 
resulted from variations in the depth of anesthesia just prior to the 
occlusion of the cerebral vessels. . 

We have devised a method of decerebration depending upon com- 
plete temporary anemia of the brain of the dog in the absence of 
anesthetics. A preliminary surgical procedure is used, consisting in 
removal of both laminz and spine of the second cervical vertebra 


1 Liddell, E. G. T., and Sherrington, C., Mammalian Physiology, Clarendon 
Press, Oxford, 1929. 

2 Pollock, L. J., and Davis, L., Arch. Neurol. and Psychiat., 1923, 10, 319. 

3 Gomez, L., and Pike, F. H., J. Hap. Med., 1909, 11, 257. 

4 Pike, F. H., Guthrie, C. C., and Stewart, G. N., J. Exp. Med., 1908, 10, 490. 

5 Gildea, E. F., and Cobb, S., Arch. Neurol. and Psychiat., 1930, 28, 876. 
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and ligation of both vertebral arteries. After an interval of one to 
2 weeks, the dog is given one to 2 mg of atropin sulfate to prevent 
vagal cardiac inhibition, and placed, back down, on the table. A 
large blood-pressure cuff is wrapped around the neck, and the 
trachea intubated orally. By means of compressed air, the cuff is 
rapidly inflated to a pressure of 350 mm Hg and maintained at this 
pressure. This procedure causes sudden complete anemia of the 
head since not only the carotids and the cervical branches of the 
subclavians are occluded, but also the spinal vessels, by virtue of 
compression of the spinal cord. 

Sudden complete anemia of the head is followed by unconscious- 
ness. There is a period of asphyxial activity and panting for a 
short time. After several minutes, respiration stops, the animal 
becomes flaccid, and the lid wink reflex disappears. As soon as 
respiration stops, rhythmic artificial respiration is begun, through 
the tracheal cannula. The heart usually beats rapidly and vigorously 
throughout the procedure, but must be followed closely for signs of 
vagal inhibition. After a period of anemia of 15 to 20 minutes, 
the pressure is released. Artificial respiration is continued until the 
dog begins to breathe spontaneously. The lid wink returns some 
minutes later. It is necessary to keep the animal in a constant- 
temperature box at 29°C. 

We have kept a dog alive for 9 days after 19 minutes of com- 
plete anemia. He appeared comatose throughout, could not stand, 
but lay on whichever side he was placed, showing occasional 
rhythmic running movements of all 4 limbs together with high- 
pitched vocalization. The extensor tonus was only moderately 
increased. Temperature regulation was markedly impaired, and no 
change resulted from an injection of foreign protein which caused 
marked fever and panting in a normal control dog. There was no 
evidence of the presence of sensations of smell, vision, taste, hear- 
ing, or pain. The dog was unable to eat, and had to be fed by 
stomach tube. Such brain-stem reflexes as the light reflex, lid wink, 
swallowing, and vomiting could be elicited. The carotid sinus and 
aortic arch reflexes were readily obtained, and demonstrated a hyper- 
activity of the cardiac vagus. Arterial blood pressure was 130 mm 
Hg. There was a normal respiratory response to administration of 
2.5% to 10% CO, in oxygen. No change was noted in the cerebral 
activity of this dog during the 9 days of observation. 

The brains of several such animals are being studied histologically 
and subsequent reports will be made on this and other aspects of the 
investigation. 
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Reticulocytogenic Effects of Liver Extract and Congo Red in 
Guinea Pigs under Reduced Oxygen Tension. 


ARTHUR P. RICHARDSON AND WILLIAM Dock. 


From the Departments of Pharmacology and of Pathology, Stanford University 
School of Medicine, San Francisco. 


Some investigators have claimed significant rises in reticulocytes 
aiter administration of potent liver extracts to guinea pigs,*° while 
others have denied these claims.*1'° Jacobson’ suggested that the 
discrepancy in results could be explained by differences in diet. He 
believes that a diet of lettuce, carrots, and oats lacks some factor 
which is contained in liver extract. In support of this view, Gall” 
reported that the bone marrow of some of Jacobson’s guinea pigs 
on this limited diet showed a densely cellular marrow with a pre- 
ponderance of immature cells. Following the administration of 
liver to some of these animals, there was a marked depletion of the 
cellular content and accelerated maturation of the marrow elements. 
Inasmuch as the usefulness of guinea pigs for the bioassay of anti- 
pernicious anemia substances is controversial it appeared desirable 
to explore the reticulocytogenic action of liver in these animals 
under various conditions. 

If, as some observers’® ” believe, the guinea pigs which have 
been on restricted diets and are “reactive” to liver extract have a 
retarded rate of maturation of the red cell series, they should 
respond slowly and inadequately to demands for increased rates of 
hematopoiesis. Guinea pigs in such a state should therefore have a 
less marked response to low atmospheric pressure than animals 


1 Jacobson, B. M., Science, 1934, 80, 211. 
2 Landberg, J. W., and Thompson, M. R., J. Am. Pharm. Assn., 1934, 32, 964. 
3 Miller, D. K., and Rhoads, C. P., New England J. Med., 1935, 218, 99. 
4 Clark, G. W., and Coene, A. M., Proc. Am. Soc. Biol. Chem., 30th Annual 
Meeting, 1936, p. 16. 
5 Mermod, C., J. Clin. Invest., 1936, 15, 559. 
6 Barrie, M. M. O., J. Pharm. Exp. Ther., 1937, 60, 235. 
7 Lassen, H. C. O., Jacobsen, E., and Nielsen, A. K., Acta Path. Microbiol., 
1936, 13, 543. 
8 Goodman, L. S., Geiger, A. J., and Klumpp, T. G., J. Clin. Invest., 1936, 
15, 435. 
9 Ege, R., and Hagens, E., Acta Path. Microbiol., 1937, 14, 597. 
10 Bachrach, W. H., and Fogelson, S. J., J. Lab. Clin. Med., 1937, 22, 925. 
11 Jacobson, B. M., J. Clin. Invest., 1935, 14, 665. 
12 Gall, E. A., Am. J. Path., 1937, 18, 575. 
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treated with liver extract containing the so-called “hematopoietic” 
fraction. Mermod, in some preliminary and unpublished experi- 
ments, observed no difference in the reticulocytosis and rise in red 
count of untreated reactive guinea pigs and those treated with liver 
when both groups were subjected to 10-12 days of 360-400 mm 
barometric pressure. This report confirms and extends her ob- 
servations, and deals with the effect of Congo red and the bone mar- 
row histology in such animals. 

Methods. Twenty adult guinea pigs were used. All were fed on 
a diet of lettuce, oats, and carrots, or of lettuce, oats, and turnips,° 
during an experiment and for at least one month prior to injection 
of liver extract. Reticulocytes were counted at least every other 
day by the usual wet technic, using brilliant cresyl blue and sodium 
citrate. Blood was obtained by puncturing a small ear vein. Con- 
centrated Liver Extract, Lilly (N.N.R.), was injected intramuscu- 
larly, using 1.0 cc per kg on 3 successive days, total 3.0 cc per kg. 
Congo red in 5% dextrose solution was injected intraperitoneally, 
using 50 mg per kg daily for 4 successive days, total 200 mg per kg. 

Following a 3-day period of control counts of reticulocytes, the 
guinea pigs were put into a specially constructed steel tank (30 x 30 
x 50cm). Vacuum was produced by a Nelson vacuum and pressure 
pump. Pressure was maintained by a Saad valve so that air flowed 
through the chamber at an absolute pressure of 380 to 400 mm Hg., 
or about 76 to 80 mm partial pressure oxygen. The reduced pres- 
sure was maintained for 24 hours daily except for a short time each 
day for changing food and water, and making reticulocyte counts. 
The results obtained are presented as curves of average per cent 
changes in Figure 1. 

Controls. When 5 normal animals, which had been on the ex- 
perimental diet for one month, were subjected to such reduced 
pressure, the results obtained agreed practically with those of 
Gordon and Kleinberg.” In 2-4 days, the reticulocytes began to 
rise, reaching a peak in about 7-12 days, of from 8 to 14%. Then 
the percentage fell gradually and in 3-4 weeks the reticulocyte count 
approached the control (Fig. 1). 

Liver Extract. After being one month on the experimental diet, 
2 guinea pigs were injected with liver extract. One week after the 
first injection, when they should have given a reticulocyte response, 
they were put into the low pressure tank. The results in Fig. 1, 


13 Gordon, A. 8., and Kleinberg W., Proc. Soc. Exp. Bron. anD Megp., 1937, 37, 
507. 


868 RETICULOCYTE RESPONSE AT Low PRESSURES 


which are labelled “Liver before Reduced Pressure,” represent the 
average of 2 guinea pigs. It is seen that, before the period of 
low oxygen tension, these animals showed a slight reticulocytosis 
of 2.7%, presumably due to liver. It is clear, however, that this 
treatment did not affect the response of the bone marrow to chronic 
anoxemia. The peak in one animal was 10.2% reticulocytes, while 
in the other animal, 11.1%. 


oe =CONTROL 
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Fie. 1. 
Comparative reticulocytogenic effects of liver extract and Congo red in guinea 
pigs under reduced oxygen tension. 


Five guinea pigs were injected with liver extract and placed at 
once into the low pressure tank. The results in Fig. 1, labelled 
“Liver Beginning with Reduced Tension,” represent the average 
of all 5 animals. The changes were practically the same as those 
in the controls, the peaks of individual responses varying from 
9.5% to 11.4%. 

Five guinea pigs were subjected to low oxygen tension for 2 
weeks, or until the peak of the reticulocyte shower had passed, and 
the percentage of the reticulated cells had fallen nearly to the con- 
trol level. At this point, the animals were injected with liver ex- 
tract, and kept in the tank for 10 days. The average results labelled 
in Fig. 1 “Liver after Response to Reduced Tension,” show that, 
under these conditions, liver extract was ineffective on the circu- 
lating reticulocytes. 

Congo red, Since Congo red may cause remissions in active 
cases of pernicious anemia,** *° the reticulocytogenic effect of this 
dye was tested under low oxygen tensions. Three guinea pigs were 
given, intraperitoneally, 200 mg per kg of Congo red, these injec- 


14 Massa, M., and Zolezzi, G., Klin. Wochnschr., 1935, 14, 235. 
15 Mermod, C., and Dock, W., Science, 1935, 82, 155. 
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tions being started at the same time the animals were put into the 
reduced pressure tank. The peak responses varied from 7.8 to 
8.2%, i. e., were somewhat lower than those of the controls (Fig. 
1), the differences probably being without significance. 

Bone Marrow. At the conclusion of the experiments most of 
the animals were killed and bone marrow from the lower vertebrze 
and femur was examined histologically. All the animals exposed 
to reduced oxygen tensions showed hyperplasia with very few fat 
vacuoles. While there was a slight decrease in eosinophiles, primi- 
tive red cells, and in megakaryocytes in the treated as contrasted 
with control animals, there was so much variation from one animal 
to another in the same group, or even from the femoral to the ver- 
tebral marrow of the same animal, that it was not possible, from 
the cells of the marrow, to distinguish the treated animals from the 
others. 

These experiments prove clearly that guinea pigs, placed on diets 
which presumably render them reactive to liver extract, have no 
defect in the power of the marrow to form red cells and mobilize 
reticulocytes when the marrow is stimulated by arterial anoxemia 
due to low barometric pressure. Such exposure to low oxygen 
tension does not heighten the reticulocyte response of liver-treated 
animals over that of the controls, and instead of making the response 
to liver extract more striking than that under normal conditions, it 
entirely conceals any effect the liver may have on these animals. 

It seems obvious that if there is a blood disorder in guinea pigs 
on the lettuce, carrot and oats diet, this is extremely mild since it 
results neither in anemia, nor in diminished response to hemato- 
poietic stimulus such as anoxemia. At present it seems improper to 
speak of such animals as having an arrest in maturation of erythro- 
poietic cells. 

Conclusions. Guinea pigs subjected to reduced oxygen tensions 
showed prompt rises in reticulated red cells which reached a peak 
(8-14%), in 7-12 days. Then the reticulocytes decreased and in 
3-4 weeks approached the control level. 

Intramuscular injection of liver extract prior to, simultaneously 
with, or following, exposure to reduced oxygen pressure, had no 
demonstrable effects on the reticulocyte response; and the bone 
marrow of liver-treated animals could not be distinguished from 
that of untreated controls. 

Congo red was also without effect on the reticulocyte response of 
guinea pigs under reduced oxygen tensions. 
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Vitamin A Deficiency in Chicks Fed Purified Rations Contain- 
ing Cod Liver Oil.* 


H. R. Birp ann J. J. OLeson. (Introduced by E. B. Hart.) 


From the Department of Biochemistry, College of Agriculture, University of 
Wisconsin, Madison. 


Previous publications from this laboratory+?* have described a 
type of paralysis of nutritional origin in growing chicks character- 
ized by ataxia, loss of equilibrium, staggering gait, and lack of 
growth. This condition has been ascribed to vitamin B, deficiency. 
More recently histopathological studies on such paralyzed chicks 
revealed certain lesions which were very similar to those occurring 
in uncomplicated vitamin A deficiency, in spite of the fact that these 
chicks were receiving rations which contained 2% of cod liver oil 


TABLE I, 
Occurrence of Leg Paralysis and Loss of Equilibrium in Relation to Supply of 
Vitamin A. 
No. with No. with 
Basal No. of leg loss of 
ration Supplement chicks paralysis equilibrium 
452 None 12 10 6 
452 20 mg oleum percomorphum/week 15 10 0 
452 0.4 mg carotene/week 8 3 0 


452S 2% liver extract + 2% autoclaved liver 
residue + 0.4 mg carotene/week 


+ irradiation* 8 5 0 
452S 29% liver extract + 2% autoclaved liver 

residue + irradiation A 2 4 
452S 3% bakers’ yeast + 2% cod liver oil 

+ 20 mg oleum percomorphum/week 4 4 0 
4528S 3% bakers’ yeast + 0.4 mg caro- 

tene/week + irradiation 3 3 0 
4528S 39% irradiated yeast + 0.4 mg caro- 

tene/week 4 2: 0 
459 None 8 4 4 
459 20 mg oleum percomorphum/week 8 0 0 


*Chicks were irradiated, where indicated, with a quartz-mercury vapor lamp 
for % hour periods 3 times per week. 


* Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station. 

1 Keenan, J. A., Kline, O. L., Elvehjem, C. A., Hart, E. B., and Halpin, J. G., 
J. Biol. Chem., 1933, 103, 671. 

2 Kline, O. L., Bird, H. R., Elvehjem, C. A., and Hart, E. B., J. Nutrition, 
1936, 11, 515. 

3 Elvehjem, C. A., Phillips, P. H., and Hart, E. B., Proc. Soc. Exp. Bion. AND 
Mep., 1937, 36, 129. 
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of medicinal grade. This oil contained at least 1500 vitamin A 
units (U.S.P.X.) per g. These findings led to an investigation of 
the adequacy of this level of oil as a source of vitamin A in purified 
rations kept at room temperature. The data are given in the table. 

Ration 452S had the following composition: dextrin 70, repre- 
cipitated casein 18, salts No. I 5, brewer’s yeast 2, and water ex- 
tracted lung 5. Ration 452 contained in addition 2% each of liver 
extract, autoclaved liver residue, and cod liver oil. - Ration 459 
contained in addition to the ingredients of 452S 2% of liver ex- 
tract, 8% of defatted peanut residue, 2% of cod liver oil, and 
5% of grit. These additions were made at the expense of the: 
dextrin. 

The results were very striking when either Oleum Percomorphum 
or a suspension of carotene in water was administered to chicks 
receiving these rations. There was complete prevention of the loss 
of equilibrium and staggering gait. For the most part the chicks 
were able to survive the experimental period, and there was a slight 
improvement in growth in some cases. However, the paralysis and 
incodrdination of the leg muscles was accentuated so that the chicks 
walked with a characteristic high stepping gait and stood with hocks 
thrust forward and toes stiffened and extended as though there were 
a hypertonicity of the extensors. Tremors were observed in some 
cases. Thus it appears that loss of equilibrium is not a part of the 
vitamin B, syndrome, but is caused by a complicating deficiency of 
vitamin A, and that vitamin B, deficiency is characterized chiefly 
by incodrdination of the leg muscles. 

It is the purpose of this paper not only to describe this type of 
paralysis as it occurs uncomplicated by vitamin A deficiency, but 
also to point out the need for extreme care to avoid vitamin A de- 
ficiency when working with purified rations kept at room tempera- 
ture. In all previous experiments the cod liver oil was mixed with 
the ration at intervals of one week or less because of the known in- 
stability of vitamin A, but destruction appears to have occurred in 
spite of the precautions that were taken. Further studies on this 
supposed destruction have not been undertaken, but the iron and 
copper salts in the salt mixture may play a part. We have elim- 
inated this difficulty in all present work by administration twice 
weekly of standardized vitamin A concentrates directly to all chicks 
on synthetic diets. 


872 


10045 
A Failure to Find Virus III Infection in Rabbit Breeding Stocks. 


Joun M. Pearce. (Introduced by Carl Ten Broeck.) 


From the Department of Animal and Plant Pathology, The Rockefeller Institute 
for Medical Research, Princeton, New Jersey. 


Rivers and Tillett! and Miller, Andrewes and Swift?* had no 
difficulty in recovering Virus III by serial testicular passage in pre- 
sumably normal laboratory-stock rabbits. The disease occurred in 
the 3d, 4th, 5th, or 6th passage in over 30% of trials. Fifteen to 
20% of stock rabbits were either refractory to infection or con- 
tained neutralizing antibodies in their serum. No other record of 
the isolation of Virus III has been found. Recently, for use in some 
contemplated studies on this disease, it seemed desirable to obtain a 
new strain of the virus from spontaneous cases. The following 
report deals with that attempt. 

Two groups of 8 rabbits of varying age were selected. The 
initial inoculum consisted of an emulsion of a spontaneous mam- 
mary rabbit-tumor. This was injected in 0.4 cc amounts in each 
testis of the first rabbit of each series. The rabbits were killed at 
intervals of 4 days, their testes excised under aseptic conditions, 
ground with sand and sterile salt solution, and injected in 0.5 to 1 cc 
amounts into the testes of the next of each series. In no instance 
was there any clinical or histological evidence of Virus III infec- 
tion. It seemed probable that failure was due to the absence of the 
virus in the animals used in this laboratory, all of which come from 
the breeding stock developed by Dr. Wade H. Brown of The 
Rockefeller Institute. This supposition was confirmed by the fact 
that of a group of 90 from the same source which were inoculated 
at various times with Virus III, no rabbit failed to develop either 
clinical or histological evidence of infection. 

Therefore a search was instituted for an infected stock. This 
was done by testing the sera of sample rabbits for neutralizing anti- 
bodies by their ability to inhibit growth of Virus III in tissue- 
cultures. The occurrence of the typical Virus III inclusion-bodies 


1 Rivers, T. M., and Tillett, W. S., J. Exp. Med., 1923, 38, 673. 

2 Rivers, T. M., and Tillett, W. S., J. Hap. Med., 1924, 39, 777. 

3 Miller, C. P., Jr., Andrewes, C. H., and Swift, H. F., J. Hxup. Med., 1924, 
40, 773. 


4 Miller, C. P., Jr., Andrewes, C. H., and Swift, H. F., J. Exp. Med., 1924, 
40, 789. 
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in the nuclei of the proliferating cells was used as a criterion for 
the presence of virus. Andrewes” had previously shown that the 
sera of animals recovered from the experimental infection prevented 
the appearance of inclusion-bodies and had correlated their presence 
with infectivity of the culture. We have confirmed this, and have 
demonstrated that the neutralizing power persists for at least 8 
months after clinical recovery. Immune serum diluted 1:32 was 
found to be capable of preventing the formation of inclusion-bodies. 
The sera of the tested animals were used undiluted. The cultures 
were inoculated with the original strain of the virus isolated by Dr. 
Thomas Rivers and courteously furnished by him. -As shown in 
Table I, 7 groups of rabbits from various sources—a total of 163 
individuals—were examined. The groups came from the Brown 
breeding stock of The Rockefeller Institute at Princeton, New 
Jersey; from the breeding stock of the laboratories of The Rocke- 
feller Institute in New York City; and from 5 independent rabbit- 
ries, 4 in the vicinity of Princeton and one in New York. The 
animals varied in age from 6 weeks to over 2 yrs. Approximately 
equal numbers of each sex were used. In the majority of cases 
they were of mixed breed, but one group of 20 was composed of 
14 pure breeds. No wild rabbits were tested. The experiments 
were performed during the fall and winter months. 


TABLE I. 


No. of rabbit Approximate 
sera tested no. of rabbits 


Source in cultures in colony % tested 

Brown stock, Princeton 100 700 14 
Rockefeller Institute stock, New York 20 300 7 
Independent stock A 11 30 33 
4 Ae | aE: 8 50 16 

2 I 8 25 33 

2 ats 8 75 10 

my "hod 8 20 40 
Total : 163 1200 14 


None of the 163 sera tested showed neutralizing antibodies. If 
their absence is evidence of freedom from infection, it would appear 
that Virus III in rabbits is not common. It is of interest that the 
animals from The Rockefeller Institute laboratories in both Prince- 
ton and New York originated in part from the same stock in which 
Rivers and Tillett, and Miller, Andrewes and Swift, found such 
a high incidence of infection in 1923. 


5 Andrewes, C. H., Brit. J. Exp. Path., 1929, 10, 273. 
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Complement Fixation with Insulin as Antigen. 


RusseLt RicHarpson. (With technical assistance of Peggy 
C. Kostal. ) 


From the George S. Cox Medical Research Institute, University of Pennsylvania, 
Philadelphia. 


In testing a hypothesis regarding insulin it was observed that 
certain human sera specifically fixed complement in the presence 
of the regular insulin as supplied to patient, in U80 strength; as 
well as pork, beef, and crystalline insulin.* 

To determine the optimal amount of insulin to be used in the 
test a titration was set up according to the method of Boerner and 
Lukens’ following that of Hooker’ for the Wassermann antigen, 
using a serum which had previously shown marked fixation of 
complement with insulin. The result (Table I) is similar to that 


TABLE I. 
Titration of Insulin as Antigen with a Strongly Positive Serum. 


Units of insulin used as antigen 
Serum 


i, a ao 
(ce) 25U 20U 15U 10U 5U 
0.0063 — + + — —_ 
0.0125 peatincaeet: ee a a 
0.025 ++ 44+ oe 4h +4 
0.05 ++ 4+ +++ 444+ 44+ 
0.1 ++ +4+4++ +4+4+ +4+4++ 4444+ 
0.2 4+ ++ = 


found when the Wassermann antigen is titrated. With too large 
or too small an amount of either antigen or serum the maximal 
fixation is not obtained. 

When this optimal dose of insulin had been determined human 
sera were tested, in the following quantities—O.1, 0.05, 0.025, 
0.0125, and 0.0063 cc; the usual controls were employed. Sera 
that gave complete or almost complete inhibition of hemolysis in 
one or more tubes were considered to be positive. A few sera were 
found in which there was a slight but definite inhibition of hemo- 
lysis, recorded as a doubtful reaction. Tests were repeated on the 


* We wish to thank the Eli Lilly Company for the very generous supply of 
insulin furnished for this work. 

1 Boerner, F., and Lukens, M., Am. J. Clin. Path., 1937, 7, 33, 155. 

2 Hooker, 8. B., J. Immwumnol., 1927, 14, 129. 
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original serum and from 1 to 8 times on sera collected at intervals 
of from 1 week to 2 months. In all except 5 persons these reactions 
showed results similar to those found in the first test. The varia- 
tions were of the same order as are commonly found when the 
Wassermann test is repeated on a given serum. The results are 
shown in Table II. 


TABLE II. 
Complement-fixation Reaction with Insulin as Antigen. 


Positive Doubtful Negative Total 


Thyroid 4 2 5 11 
Pregnancy oy 4 20 33 
Diabetes 37 10 153 200 
Other diseases 3 1 44 48 
Normals 6 3 58 67 


The normals in this table consisted of doctors, nurses, and mem- 
bers of the laboratory staff. They were apparently in good health 
but had not all had physical examinations. All were free from 
clinical signs of syphilis and 42 had negative blood-Wassermann 
reactions. 

The thyroid-patients had been selected at random from the 
Thyroid Clinic and varied both in clinical condition and in the 
height of the basal metabolic rate. 

The stage of pregnancy varied from the 3d to the 8th month 
and appeared to show no correlation with the reaction. 

The diabetic patients were unselected. The group included 
balanced and unbalanced patients as well as those who were on diet 
alone and on diet with insulin. In all of these patients the Wasser- 
mann reaction was negative. No definite correlation was found be- 
tween the clinical condition and the reaction. 

The other diseases consisted of groups of from 5 to 10 patients 
each with a diagnosis of carcinoma, tuberculosis, allergic condition, 
acute inflammation, chronic inflammation, some kind of blood 
disease, or syphilis with a positive blood-Wassermann reaction. 
Seven sera giving positive Wassermann reactions were negative with 
insulin; the Wassermann was negative in 52 insulin-positive sera 
tested for that reaction. In no serum were the Wassermann and 
insulin reactions both positive. Two insulin-positive sera did not 
react with insulin that had been inactivated by treatment with alkali. 

It would then appear that there is present in the blood of certain 
persons a substance that is able to combine with insulin and thereby 
fix complement. Its nature and the degree of specificity of its action 
with insulin are not yet defined. 
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Effect of Extract of Anterior Pituitary upon the Life-Span of 
Castrate-Adrenalectomized Cats. 


W. W. SwIncte, W. M. Parkins, A. R. TAytor,* H. W. Hays 
AND J. A. MorreE.t. 


From the Biological Laboratory, Princeton University, and Research Laboratory, 
EL. R. Squibb g Sons, New Brunswick, N. J. 


The writers have reported that a commercial extract of the an- 
terior pituitary prolongs the life-span of bilaterally adrenalectomized 
cats, but is without effect upon dogs, at any rate in the dosage 
employed.’ Two of the 12 animals studied were castrate males. 
One lived 25 days and succumbed to feline distemper; the other 
survived 47 days. It was deemed worth while to study the effect 
of A.P. extract upon the life-span of a larger group of castrate- 
adrenalectomized cats. 

Strong, vigorous cats were used. They were given a vermifuge, 
and a few days later the gonads and right adrenal were removed 
under nembutal anesthesia. They were then kept in the laboratory 
for 2 weeks to insure adjustment to laboratory conditions. The 
animal room was thermostatically regulated. The left adrenal was 
extirpated under ether and for 2 days following operation the cats 
received cortical hormone. If the animals were eating full rations 
at this time cortical hormone was withdrawn and A.P. extract sub- 
stituted. The experiment began the day cortical hormone was dis- 
continued. 

The A.P. extract used was prepared by a modification of the 
method of Van Dyke and Wallen-Lawrence® and is an alkaline 
aqueous extract of cattle pituitary made by Squibb & Sons. It 
contains appreciable amounts of the various pituitary.factors. We 
used freshly prepared non-preserved material since the cats ap- 
peared to be sensitive to the merthiolate present in the commercial 
preparation. 

The diet consisted of 175 g of canned salmon plus 50 cc of milk 
daily. This was changed to fresh raw fish, liver and kidney when- 
ever the appetite became capricious. The essential data regarding 
the effect of A.P. extract upon the life-span are shown in Table I. 

* HE. R. Squibb & Sons Fellow. 

1 Swingle, W. W., Parkins, W. M., Taylor, A. R., Hays, H. W., and Morrell, 
J. A., Am. J. Physiol., 1937, 119, 675. 


2Van Dyke, H. B., and Wallen-Lawrence, Z., J. Pharm. and Exp. Therap., 
1930, 40, 413. 
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TABLE I. 
Effect of A.P. Extract* on Life-span of Castrate Bilaterally Adrenalectomized 
Cats. 
Survival Survival 
Cat period Cat period 
No. Wt, kg Sex days No. Wt, kg Sex days 
1 4.02 $ 30 11 3.45 é 11t 
2 3.35 é 23 12 3.45 g 9 
3 2.65 $ 15 13 2.25 9 5T 
4 4.50 $ 14T 14 3.43 $ 8T 
5 2.82 2 15T 15 3.26 é 7t 
6 3.80 3 22 16 2.79 N.C. g 40 
vf 3.50 é 28 17 2.58 N.C. o 49 
8 3.10 Q 14 18 2.55 N.C. a 33 
9 3.05 a 31 S1 6 2.0 a 25 
10 3.48 4 10 g110 2.10 3 47 


*Daily dose = 1 ec/kg. N.C. = Non-castrate. S1 = Castrates of earlier 
series. + = Sacrificed—respiratory infection. T — Terminal hypoglycemia. 


Of a total of 17 castrate-adrenalectomized cats, 11 showed 
definite prolongation of the life-span and 6 did not. Several cases 
in the short-survival series were complicated by respiratory infec- 
tions. The average life-span of the group (including 2 castrates 
of an earlier series’) was 18.4 days. The survival period ranged 
from 5-47 days. A group of 3 bilaterally adrenalectomized but 
non-castrate male cats were given daily injections of A.P. extract 
in comparable doses in order to compare the effect of the extract 
in animals with and without sex glands. The average life-span of 
this small group was 40.6 days. In the earlier work on the non- 
castrate male and female cat injected with A.P. extract a series 
consisting of 10 animals were studied." One animal survived 150 
days and died of adrenal insufficiency 4 days after the A.P. extract 
was discontinued. Excluding this individual (since the life-span 
was exceptionally prolonged), the average survival for the remain- 
ing 9 non-castrates was 24.8 days. However, if the 3 non-castrates 
of the present series are included with the non-castrates previously 
described (9 animals) the average survival of the 12 individuals 
on A.P. extract is 32.7 days. Thus it seems clear that the non- 
castrate A.P. injected adrenalectomized cats survive longer than 
similarly injected but castrated animals (av. 18.4 days). The sex 
of the animal does not appear to be important in so far as the effect 
of the A.P. extract is concerned. 

Although the A.P. extract prolongs the life-span of both castrate 
and non-castrate cats it by no means substitutes for the adrenal cor- 
tical hormone. The animals (especially the castrates) soon become 
sluggish, vigor decreases, the hair becomes rough and shaggy and 
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tends to fall out, the appetite is capricious and all exhibit a slowly 
progressing cachexia. The long-surviving cats present a perfect 
picture of an animal suffering from chronic adrenal insufficiency. 
Terminal hypoglycemia is not uncommon in those individuals show- 
ing marked cachexia. 

The explanation of the ameliorative effect of A.P. injections is 
not clear and this is especially true of the castrate animals. Since 
the A.P. extract contained some of the adrenotropic factor it is 
possible that microscopic cortical rests might have been stimulated 
sufficiently to elaborate enough of the vital hormone to maintain life. 
Although we have diligently searched for such accessories at autopsy 
none have been observed. 

There can be no question but that the hormone of the corpus 
luteum ameliorates the symptoms of adrenal insufficiency in certain 
animals. This is well shown by the effects of pseudopregnancy 
upon the life-span of the adrenalectomized dog and _ ferret.»** 
Collings? working in this laboratory has likewise demonstrated the 
striking effect of experimentally induced pseudopregnancy upon the 
life-span of the adrenalectomized cat. 

Steiger and Reichstein® report that 21l-oxy-progesterone has 
definite cortical hormone activity on adrenalectomized dogs and 
rats. The close similarity between progesterone and corticosterone® 
and the fact that 2l-oxy-progesterone prolongs the life-span of 
adrenalectomized animals, apparently offers an adequate explanation 
for the effect of pseudopregnancy (which represents the corpus 
luteum phase of the cycle) upon the survival of the adrenalecto- 
mized dog, ferret and cat. Apparently the organism lacking ad- 
renals has the ability to convert progesterone into corticosterone or 
related substances. 

However, this does not explain the effect of A.P. extracts upon 
the life-span of the adrenalectomized male cat but suggestive evidence 
does exist. Thus Callow and Parkes’ demonstrated the presence of 
appreciable quantities of progesterone in the testes of mammals. 
According to them, bull testes contain the equivalent of 1 mg of 
progesterone per 1400 g of tissue. It seems not unreasonable to 
assume that the testis of cats likewise contains progesterone and the 
daily injection of A.P. extract may stimulate the gonads to produce 


3 Rogoff, J. M., and Stewart, G. N., Am. J. Physiol., 1928, 86, 20. 
4Gaunt, R., and Hays, H. W., Anat. Rec. (Suppl.), 1938,70, 29. 

5 Collings, W. D., unpublished work. 

6 Steiger, M., and Reichstein, T., Nature, 1937, 189, 925. 

7 Callow, R. K., and Parkes, A. S., J. Physiol. (Proceedings), 1936, 87, 16. 
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excessive amounts which in time would be converted into cortico- 
sterone or related substances having cortical hormone-like activity. 
The fact that the A.P. injected non-castrate adrenalectomized cat is 
easier to maintain and survives longer than the similarly treated 
castrate fits well with this viewpoint. But the fact that the castrates 
also react to A.P. injections offers difficulties, unless it be assumed 
that other tissues besides the gonads can also form progesterone or 
related substances as a result of A.P. treatment. 

Although the writers believe that the various factors enumerated 
may and probably do enter into the explanation of the ameliorative 
effect of A.P. extract on adrenal insufficiency in the cat, there re- 
mains another factor which we regard as important. This is the 
effect of A.P. extract upon the appetite, ingestion and digestion of 
foodstuffs, and the absorption and utilization of carbohydrate in 
these animals. 
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Influence of Posture on Skin and Subcutaneous Temperatures. 


H. S. Mayerson anv L. A. Toru. 


From the Laboratory of Physiology, School of Medicine, Tulane University, 
New Orleans, La. 


Previous experiments’ showed that the cardiac output in the 
sitting and standing positions was less than in the recumbent. They 
also indicated the probability that the former positions facilitate the 
return of a disproportionately large amount of blood from the short 
systemic circuits, although the amount from the extremities and the 
splanchnic area is decreased. The present report deals with obser- 
vations on blood flow, particularly in the extremities, as measured 
by surface and subcutaneous temperatures. 

Eight adult subjects with normal cardiovascular systems have 
been systematically studied. Temperatures in various parts of the 
body were determined by means of surface and non-conducting 
hypodermic thermocouples in a potentiometric circuit so arranged as 
to permit rapid and accurate consecutive readings.” The subcutaneous 
thermocouples were inserted to a depth of from 2 to 4 mm. Passive 


1 Sweeney, H. M., and Mayerson, H. S., Am. J. Physiol., 1937, 120, 329, 
2 Foster, P. C., J. Lab. and Clin. Med., 1936, 22, 68. 
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change of position from the horizontal to an angle of 75 degrees 
was achieved by a tilt table, the subject being held in place by sup- 
ports over the iliac crests. This method of support eliminated the 
necessity of a foot-rest, objectionable because of the tendency of 
subjects to carry and shift enough weight on their lower extremities 
to aid in the venous return through muscle action. The subjects 
remained at 75 degrees for from 14 to 40 min, being returned to 
the horizontal position when they complained of being uncomfort- 
able or became faint. Room temperature was maintained relatively 
constant during each experiment by means of fans and heaters. 
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A typical experiment is charted in Figure 1. In addition to the 
usual surface to subcutaneous temperature gradient, both tempera- 
tures showed gradients from toes to forehead when the subjects 
were in the horizontal position. When tilted to 75 degrees, there 
was, in general, a progressive decrease in the temperatures of all 
parts of the body measured, being most marked in the extremities. 
The lowest values were usually reached at the end of the tilt period, 
or within one to three minutes after the return to the horizontal in 
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those instances where the tilt period was terminated by fainting. 
In the majority of the experiments the temperatures returned to or 
were approaching their original levels in from 15 to 60 min after 
the subjects were returned to the horizontal position. 

In 4 experiments a heating pad was wrapped around the left foot, 
thus reflexly dilating the arterioles of the right foot. Temperature 
measurements were made on the right side of the body. Such an 
experiment is charted in Figure 2. The results of these experiments 
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indicate that arteriolar vasoconstriction is largely, if not entirely 
responsible for the decrease in temperature observed on tilting from 
the horizontal to the 75 degree position. 

Three of our subjects showed no signs of discomfort when tilted 
for periods as long as 34 min, while 4 consistently showed signs of 
syncope within this period. One subject developed syncope on sev- 
eral occasions but not on others. The inability to tolerate the up- 
right position could not be correlated with the changes in surface or 
subcutaneous temperatures. The similarity of our results with 
those of Weiss, Wilkins and Haynes* suggests the possibility that 
the development of syncope in the upright position is related to the 
amount of venous dilatation and pooling in the extremities which 
accompany the arteriolar constriction and reduction of blood flow. 


3 Weiss, S., Wilkins, R. W., and Haynes, F. W., J. Clin. Invest., 1937, 16, 73; 
Wilkins, R. W., Haynes, F. W., and Weiss, S., J. Clin. Invest., 1937, 16, 85. 
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Studies in Skin Distensibility. 


WILL1AM A. SODEMAN AND GEORGE E. Burcu. (Introduced by 
J. H. Musser. ) 


From the Department of Medicine, School of Medicine, Tulane University of 
Louisiana, and the Charity Hospital of Louisiana, New Orleans. 


Heretofore there has been no simple adequate quantitative method 
for the estimation of skin distensibility. The importance of such 
data in an understanding of the pathologic physiology of edema 
and in an objective estimation of the results of therapeutic pro- 
cedures in scleroderma is self-evident. The following method has 
proved simple and satisfactory. Two 4.8 mm bakelite cubes were 
sealed to the skin with collodion at a distance of 5 cm from each 
other. A steel spring caliper of known calibration was articulated 
at its tips with the bakelite cubes and when released spread the cubes 
apart with a force of approximately 100 g. The distance between 
the cubes was then measured and the distension expressed in mm 
of stretch per cm of skin per 100 g of force. 

Determinations have been made in 13 normal subjects for the 
pretibial area, dorsum of the foot, abdomen, volar surface of the 
forearm and the dorsum of the hand, and the mean values were 
found to be 0.31, 0.59, 2.07, 0.93 and 1.34 mm/cm/100g, respec- 
tively. All females were nulliparous. The skin was found 
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to be less distensible in the lower extremities, varying in- 
versely with the tissue pressure.’ This regional variation appears 


1 Burch, G. E., and Sodeman, W. A., J. Clin. Invest., 1937, 16, 845. 
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to be of physiologic significance in the prevention of edema of the 
feet on assuming the erect position. Repeated determinations 
showed comparable results from day to day. 

Forty-three determinations have been made on 21 patients with 
the following states: scleroderma 4, occupational atrophy 3, ascites 
4, peritonitis 2, edema 8 (cardiac 6, venous obstruction 1, pernicious 
anemia 1). Comparison of the mean values in the patients with 
those in the normal subjects is illustrated in Figure 1. In sclero- 
derma a diminution in distensibility was found to parallel the 
severity of the disease. Values for the dorsum of the hand ranged 
from 0.47 to 0.55 (mean 0.50), contrasting with the normal range 
of 0.66 to 2.04 (mean 1.34). This method is being used to follow 
quantitatively the progress of the disease and to evaluate therapeutic 
procedures. 

In congestive heart failure the distensibility was found to de- 
crease as the edema increased, reaching, in one patient, the limit of 
distensibility. Similar findings occurred in other types of edema. 

Summary. A simple method has been devised for the measure- 
ment of skin distensibility. Its application to the study of the 
physiology of the skin in edema and abdominal swellings is being 
made. Its importance as an objective method in following, quan- 
titatively, the progress of scleroderma and other skin changes, as 
well as objectively evaluating the therapeutic procedures applied to 
these diseases is evident. 


10050 
The Ammonia Mechanism in Alkalosis Due to Overventilation. 


A. P. Briaes. 


From the Departments of Biochemistry and Internal Medicine, University of 
Georgia School of Medicine, Augusta, Georgia. 


It has been taught* that production of ammonia by the kidneys 
is increased for excretion of acid which would otherwise carry off 
essential basic elements; and that ammonia formation is suppressed 
in states of alkalosis when it is desirable for the body to be rid of 
excess fixed base. My own observations*““ have convinced me that 

1 Peters, J. P., and Van Slyke, D. D., Quantitative Clinical Chemistry, Vol. I, 
Interpretations, Williams and Wilkins, Baltimore, 1981, p. 372. 

2 Briggs, A. P., Arch. Int. Med., 1932, 49, 56. 

3 Briggs, A. P., J. Biol. Chem., 1934, 104, 231. 

4 Briggs, A. P., Arch. Int. Med., 1937, 60, 193. 
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the ammonia mechanism is not concerned with conservation of fixed 
base, but that it does serve to protect the urinary passages from the 
acid secretion formed within the renal tubules. 

In the present contribution data associated with the development 
and recession of alkalosis from forced breathing are presented for 
inspection from the two viewpoints. 

Respiration was accelerated sufficiently so as to maintain slight 
sensations of giddiness and numbness of the lips: just a low grade 
alkalosis. Urines were collected before, during and after the al- 
kalosis period. Acids and bases were determined by familiar 
methods used in a previous publication.* Since a diuresis develops 
with overventilation and because a diuresis tends to waste fixed 
base, water was taken during the fore and after periods in sufficient 
quantities so that urine volumes were similar. 


TABLE I. 
Effect of Overventilation on Excretion of Ammonia and Excess Fixed Base. 
Total Fixed 
Dura- Vol. Total fixed base 

Exp. tion urine Cl. SO, PO, acid base excess NH3 

I hr ee mEq. mEq. mEq. mEq. mEq. mEq. m. Eq. pH 
Before 1.0 135 13.78 . 1.65 0.79 16.22 17.60 1.38 1.67 5.8 
During 1.0 102 14.76 1.16 0.70 16.62 27.50 10.88 0.35 7.5 
After 1.0 220 8.04 1.15 0.59 9.78 14.26 4.48 0.62 6.6 

II 
Before 1.0 365 6.66 0.50 1.87 9.03 10.94 1.91 0.72 6.4 
During 1.0 305 5.57 0.88 1.80 8.25 15.25 7.00 0.62 7.3 
After 1.0 185 5.66 0.84 133 1.43 9.35 1.62 1.30 6.5 

III 
Before 20 508 23.08 0:96 1.72 25.76 27.52 1.76. 2.505 90G:5 
During 2.0 620 19.10 0.63 1.67 21.40 41.90 20.50 1.06 7.5 
After 2.0 470 10.84 0.89 1.26 12.99 14.37 1.38 4.12 5.9 

IV : 
Before tor 5276 17.88 1.72 ©0388 19.97 21.32 1.35 1.54 6.1 
After 1.5 320 16.40 1.21 0.56 18.17 26.13 7.96 0.60 dee 


The results, in the accompanying table, show ammonia production 
to be at a low level in the control periods. Since there is little change 
in the excretion of ammonia with forced breathing the ammonia 
mechanism is not an important factor in expulsion of the con- 
spicuous increment of excess fixed base, which is to be seen for this 
period. Comparing the alkalosis periods with the preperiods, the 
average increase in excess fixed base is 9.91 m.Eq. to a drop of 
0.48 m.Eq. for ammonia. 

This observed lack of proportionality might have been predicted 
from previous work on alkalosis of overventilation: similar slight 
changes in production of ammonia were observed by Grant and 
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Goldman® with the development of severe alkalosis; and the rela- 
tively large increment of excess fixed base which may be excreted in 
this state, up to 30 m.Eq. per hr, was shown in the study of 
McCance and Widdowson.® 

It is of some interest to observe that the excretion of excess base 
is not due to diminished excretion of chloride. McCance and 
Widdowson similarly observed no drop in excretion of chloride with 
the development of alkalosis. The prompt excretion of a strongly 
alkaline urine with alkalosis may however be very readily accounted 
for by assuming that a state of alkalosis inhibits tubular resorption 
of base bicarbonate, a suggestion implied by Davies, Haldane and. 
Kennaway.’ 

In the after periods, with removal of the inhibition of alkalosis, 
resorption of fixed base is more nearly complete; the urine again 
becomes slightly acid, and production of ammonia is slightly ac- 
celerated. The average increment of ammonia, however, is only 
1.34 m.Eq. compared with a decrement of 10.31 m.Eq. for fixed 
base. Thus we have another instance showing lack of proportion- 
ality between ammonia production and conservation of fixed base. 
The comparison of fluctuations of ammonia production with fluc- 
tuations of excess fixed base is most favorable to the base regu- 
latory theory ; it would perhaps be more proper to compare ammonia 
excretion with total fixed base resorption. When we stop to cal- 
culate that something like a thousand m.Eq. of fixed base per hr 
appears to be resorbed by the tubules, the 2 or 3 m.Eq. of ammonia 
per hr produced under ordinary circumstances at once becomes 
insignificant; the diminished production with alkalosis scarcely less 
so, and the 5 or 10 m.Eq. per hr, produced with administration of 
strong acid, scarcely more so. 

From my viewpoint, ammonia secretion in the different periods 
is accounted for as follows: the small quantities found for the al- 
kalosis periods may be derived in part from the glomerular filtrate 
and in part from unremoved urine of the preperiod. The slightly 
greater quantities of ammonia for the control periods presumably 
results from the stimulation of undetermined organic acid, which 
the pH values indicate to be present in quantities greater than those 
calculated for excess fixed base. 

Summary. A comparison has been made of fluctuations of am- 


5 Grant, S. B., and Goldman, Alfred, Am. J. Physiol., 1920, 52, 209. 
6 McCance, R. A., and Widdowson, E. M., Proc. Roy. Soc., Series (B), 1936, 


120, 228. 
7 Davies, H. W., Haldane, J. B. S., and Kennaway, D. M., J. Physiol., 1920, 


54, 32. 
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monia secretion and fixed base excretion associated with the de- 
velopment and recession of alkalosis from forced breathing. The 
results appear to be out of harmony with the base regulatory theory 
of ammonia production. 
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Automaticity of Central Neurones After Nicotine Block of 
Synapses. 


B. LrseT AND R. W. GERARD. 
From the Department of Physiology, University of Chicago. 


The discovery that central neurones manifest a rhythmic elec- 
trical potential in the absence of deliberate sensory stimulation 
suggested that these cells possess an automatic beat homologous to 
that of the cardiac nodal cells. The possibility of nerve impulses, 
either from receptors or injured nerves or from closed circuits of 
interneurones* with long maintained activity, had not, however, 
been excluded. The persistence of a marked potential rhythm in 
the frog’s olfactory bulb for hours after its complete removal and at 
a time when its only neural connections—the olfactory nerves and 
cerebral hemispheres—were electrically dead’ seemed to eliminate 
any action of impulses from receptors or injured neurones. Since, 
however, stimulation of the olfactory nerves of such a preparation 
increases the bulb potentials or even reinitiates them after they have 
stopped and since this enhancement may persist for many minutes 
or hours following a brief stimulation? the existence of trapped 
impulses in closed circuits remained a definite possibility. This has 
been urged especially by Lorente de No.* In the present experi- 
ments it is shown that when synaptic conduction is blocked by nico- 
tine the rhythmic slow potential waves of the isolated bulb are 
increased rather than abolished. It may be concluded, therefore, 
that the activity rhythm originates in single neurones and is imme- 
diately independent of any maintained or recurrent bombardment 
by conducted nerve impulses. 

Nicotine has long been used to block synaptic transmission in 


* This word is suggested as a condensation of ‘‘internuncial neurones’’ parallel 
to Sherrington’s use of ‘‘motoneurone.’’ 

1 Gerard, R. W., and Young, J. Z., Proc. Roy. Soc. B, 1937, 122, 343. 

2 Libet, B., and Gerard, R. W., Am. J. Physiol., 1938, 122, 128 (P) and un- 
published. 

3 Lorente de No, R., 4m. J. Physiol., 1935, 113, 505. 
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autonomic ganglia* and is also known to exert a curarizing action.>® 
We have found no reference, however, to a similar effect on central 
synapses, though Langley’ reported some experiments indicating its 
occurrence. The following facts evidence such a central blockade 
at all synapses tested: 

1. Local application of 0.1% nicotine to the exposed spinal cord 
in the frog abolishes in 15 min. cross reflex responses to stimulation 
of the central end of a cut sciatic. Peripheral sciatic stimulation 
remains effective. Langley’ published a similar observation. Even 
after strychninization, reflex block is produced by nicotine. 
Stronger nicotine (0.5%) abolishes motor responses to electrical 
stimulation of the cord itself though the lower concentrations do 
not. 

2. Local application of 0.5% nicotine to the exposed optic lobes 
in a freshly amputated frog head abolishes the wink reflex elicited 
by touching the eye or nostril. 

3. This same application eliminates, within 6 min, visual action 
potentials in the optic lobes, evoked by shining light in the eyes, 
while leaving unchanged the action potentials in the optic nerve. 
It also prevents the changes in olfactory bulb potentials otherwise 
produced by stimulation of the olfactory nerves. 

4. Nicotine (2.5 mg per kilo) blocks tactile action potentials in 
the thalamus and somaesthetic radiations in the cat, evoked by 
touching hairs of a contralateral leg, within 4 min of its intravenous 
injection. At this concentration, the nicotine effect begins to wear 
off in 20 min and electric responses are again normal in an hour. 

5. When the curarizing action of nicotine is prevented by clamp- 
ing the vessels to the cat’s leg, crossed and uncrossed spinal reflexes 
to it are abolished a few seconds after intravenous injection of the 
drug, when the motor nerve still gives good responses. Similar 
results are obtained for jaw and wink reflexes from the brain stem. 
Convulsive motor discharges may accompany synapse block. 

6. Phrenic nerve action potentials continue after nicotine has 
abolished the other responses mentioned (see also °). Bursts con- 
tinue at the usual frequency and intensity but are no longer spaced 
at regular intervals. Asphyxia still increases these discharges and 
eventually abolishes them. Stronger nicotine (10 to 13 mg per kilo) 
stops phrenic discharges while leaving cortical potentials slower (2 
to 4 rather than 6 per second) and more regular than before. 


4 Langley, J. N., and Dickinson, W. L., Proc. Roy. Soc. B, 1889, 46, 423. 
5 Rosenthal, Centralb. f. Medicin. Wissensch., 1863, 1, 47. 

6 Gold, H., and Modell, W., J. Pharm. and Exp. Therap., 1936, 57, 310, 
7 Langley, J. N., J. Physiol., 1901, 27, 233. 
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It seems clear, therefore, that the phrenic nerve cells can discharge 
nerve impulses when afferent connections are blocked—presumably 
even synapsing ones from the medullary respiratory center.7 
Similarly, in the isolated olfactory bulb the neurones maintain their 
rhythm in the absence of impinging nerve impulses, for the rhythm 
is preserved, actually enhanced and made more regular, even after 
half an hour’s soaking in 0.5% nicotine. Since large regular waves 
from a cell mass are possible only with considerable synchronization 
of individual units, this interaction is also possible in the absence 
of transmitted nerve impulses. 

The chemical and physical control of the activity of the single 
neurone and of the coordination of the group has been discussed*? 
and additional studies on the frog (Libet and Gerard) and cat 
(Dubner and Gerard) will soon be published. 

We are indebted to Mr. O. Sugar for assistance in some of the cat 
experiments. 
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Preparation of Cocarboxylase. 


Henry TAUBER. 
From the Research Laboratory of the McLeod Infirmary, Florence, South Carolina. 


From the reaction mixture which I have recently described’ the 
synthetic cocarboxylase (thiaminpyrophosphate) may be obtained 
in crystalline form by the following procedure: 500 mg sodium 
pyrophosphate are placed in a Pyrex test-tube and heated until all of 
the water of crystallization is removed. One cc of orthophosphoric 
acid (cp 85%) is placed in another large Pyrex tube and heated 
until a slight amount of solid deposit forms on the side of the tube. 
Then the pyrophosphate is added and the mixture gently heated 
until solution takes place. After cooling 500 mg vitamin B,.HC1 
are added. The tube is placed in an oil bath of 155°, kept there for 
3 min and constantly stirred. Then the tube is removed and after 
cooling the solid mass is dissolved in 10 cc of cold water. Cold 


+ The alternate possibility, that these synapses remain functional, is being 
further explored. 

8 Gerard, R. W., Cold Spring Harbor Symposia, 1936, 4, 292. 

9 Blake, H., and Gerard, R. W., Am. J. Physiol., 1937, 119, 692. 

1 Tauber, H., J. Am. Chem. Soc., 1938, 60, 730. 
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saturated Ba(OH),. solution is added until no more precipitate 
forms and the solution is just commencing to turn yellow. The 
precipitate is centrifuged off and the supernatant fluid is decanted. 
The precipitate is extracted 4 times for 5 minutes with 40 cc of 
cold water. All 5 supernatant fluids are united and after 
cooling 3% H.SO, is added to slight blue reaction of congo red 
paper. The BaSO, is centrifuged off and discarded. The Ba-free 
solution is concentrated to 30 cc in vacuum at 25°. It is cooled in 
ice water and 15 volumes of a mixture of 1 part of absolute alcohol 
and 2 parts of ether are added which precipitates the cocarboxylase 
in the form of microscopic needles. Sometimes a gummy mass 
will form which turns into long macroscopic needles on short stand- 
ing in the cold. The preparation obtained on 6 recrystallizations 
from the alcohol-ether mixture, redissolved each time in 10 cc of 
N/5 HCl, and dried in vacuum is readily soluble in water and is 
free of inorganic salts. 

This synthetic preparation is practically as active as natural 
cocarboxylase® (very kindly furnished by Professor Lohmann). 
Phosphorus and thiamin content, however, indicate that my cocar- 
boxylase still contains a small amount of impurities. The synthetic 
cocarboxylase gives a yellow color with the formaldehyde-azo-test 
of Kinnersley and Peters. Thiamin gives a red color. 

I wish to thank Merck and Company, and Winthrop Chemical 
Company, for generous gifts of synthetic vitamin By. 
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New Activators of the Carboxylase System and the Function 
of Cocarboxylase. 


Henry TAUBER. 
From the Research Laboratory of the McLeod Infirmary, Florence, South Carolina. 


The enzyme carboxylase which plays an important role in carbo- 
hydrate metabolism of plants was discovered by Neuberg in 1911. 
Only 21 years later was it shown by Auhagen’ that the activity of 
this enzyme depends on the presence of a specific coenzyme. At the 


2 Lohmann, K., and Schuster, P., Biochem. Z., 1937, 294, 188. 
1Auhagen, E., Z. Physiol. Chem., 1932, 204, 149. 
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same time Auhagen found that for full activity Mg ions are neces- 
sary. This was also known to be the case with zymase. Recently 
Lohmann and Schuster® have shown that cocarboxylase is the pyro- 
phosphoric acid ester of thiamin (vitamin B, pyrophosphate) and 
that manganese ions are better activators than magnesium ions. 
Copper, iron, bismuth, and cadmium salts, as well as sodium fluoride 
inhibit the activity of the enzyme carboxylase.* 

Some New Activators. I have tested a series of salts and found 
that NaCl, NasSO,, KC1, as well as NaCN activate the carbox- 
ylase-cocarboxylase system. While Mn and Mg ions, respectively, 
activate best, the order of activation obtained by NaCN is close to 
that shown by MgCl.. For example activation by 0.1 mg Mg as 
MgCl.,, is slightly more than by 0.4 mg of Na as NaCN. With 
4 mg of Na, of any of the 3 neutral salts, good activation was ob- 
tained. Li,SO, and NaNO; did not activate. The fact that NaCN 
does not inhibit proves that heavy metals are not involved in this 
catalysis. NaCN activates, probably, because it forms a more re- 
active “enol” compound (cyanohydrin) with pyruvic acid. For 
these salt activation experiments bottom yeast washed alternately 
with a solution of acid phosphate and alkaline phosphate was 
employed.” 

It is believed that cocarboxylase combines with the enzyme car- 
boxylase to form a new compound which in the presence of Mg 
ions becomes highly active. This compound, however, has not 
been isolated. Nor has the enzyme carboxylase yet been obtained 
in pure state. Thus the role of cocarboxylase is unknown. 

A Specific Function of Cocarboxylase. The following experi- 
ments show that one of the functions of cocarboxylase is to protect 
carboxylase, a very labile enzyme, from destruction. Brewers’ 
bottom yeast was extensively washed with water and dried at room 
temperature. The dry yeast was then freed of cocarboxylase (by 
alkaline washing at 30° using a shaking machine)? and suspended 
in 10 volumes of phosphate of pH 6.2. 

Experiment 1. One cc of yeast suspension and 30 ug of cocar- 
boxylase* in 1 cc phosphate of pH 6.2 were placed in the main 


2 Lohmann, K., and Schuster, P., Biochem. Z., 1937, 294, 188. 

3 Discussed by Oppenheimer, C., Die Fermente, Supplement, 1938, 2, 1421. 

* In all experiments described in this paper synthetic cocarboxylase+ which had 
been freed of inorganic salts and was 6 times recrystallized,5 and natural crystal- 
line (yeast) cocarboxylase were employed with identical results. 

4 Tauber, H., J. Am. Chem. Soc., 1938, 60, 730. 

5 Tauber, H., Proc. Soc. Exp. Bion. AND MeEp., 1938, 38, 888. 
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compartment of a Warburg vessel (of 17 cc capacity and 2 side 
arms). In one side arm 0.5 cc of sodium pyruvate (5 mg of 
pyruvic acid containing 0.1 mg of magnesium as MgCl.) was 
placed. The vessel was connected with a Warburg-Barcroft res- 
pirometer and shaken for 105 min at 30°. Then the stopcock was 
closed and after 15 min of further shaking the pyruvate was washed 
in from the side arm. 

Experiment 2. In another vessel the pyruvate was placed in one 
side arm and the cocarboxylase was placed in the second side arm 
while the main compartment of the vessel contained 1 cc of yeast 
suspension. This vessel also was shaken for 120 min and then the 
pyruvate and cocarboxylase were added. Cocarboxylase solutions 
are very stable between pH 4 and 10 at 30°. 

Experiment 3. Here 30 xg of synthetic vitamin B, (Merck) in 
0.1 ce phosphate of pH 6.2 and 1 cc of yeast suspension were placed 
in the main compartment of the Warburg vessel. The cocarbox- 
ylase and pyruvate were added at the end of 120 min. 

Experiment 4. The content of this vessel was similar to that of 
Experiment 1. Cocarboxylase, however, was replaced by 1 cc of 
H,O. : 

It may be seen from Experiment 1, Table I, that when cocarbox- 


TABLE I, 
Content of main compartment COg* in COg*in CO9* in 
Exp. No, during first 120 min. 10min.~ 20 min. 40 min. 
1 Yeast suspension and cocarboxylase 40 66 102 
2 Yeast suspension alone 4 12 24 
3 Yeast suspension and thiamin 5 12 24 
4 Yeast suspension and water 0 0 0 


*After addition of side arm contents. 


ylase was immediately added to freshly washed yeast and kept at 
30° for 120 min in the presence of air CO, formed after the ad- 
dition of pyruvate very rapidly. If the washed yeast, however, was 
kept for the same length of time without cocarboxylase the enzyme 
carboxylase lost almost all of its activity and there was hardly any 
CO, formed (Experiment 2). Thiamin had no protective action 
on carboxylase and no cocarboxylase was formed during the dura- 
tion of the experiment from the vitamin (Experiment 3). The 
yeast suspension without added cocarboxylase did not form CO, 
from sodium pyruvate (Exp. 4). Other experiments (not included 
in Table 1) have shown that the protective function cannot be re- 
placed by Ba-adenosinetriphosphate, Mg-hexosediphosphate, or by 
reduced glutathione. 
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Cocarboxylase (pyrophosphoric acid ester of thiamin) has a 
specific protective action upon the enzyme carboxylase. 

| am greatly indebted to Professor Lohmann for a sample of 
natural cocarboxylase, and to J, Ruppert Brewery, through the 
kindness of Mr. E. Muhlhausen, for furnishing the yeast. 
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Pathologic Changes Produced by Subcutaneous Injection of 
Rattlesnake (Crotalus) Venom into Macaca mulatta 
Monkeys.* 


Hrrperr I. Pioter, Ricmarp D. GLAsGow AND EmmMerr B. 
CARMICHAEL, 


Irom the Department of Pathology and the Department of Physiological Chem- 
istry, University of Alabama, Alabama, 


Reports of the gross and microscopic lesions in fatal cases of 
rattlesnake poisoning are rare. Knowledge of the pathologic 
changes is based mainly upon findings in experimental animals.* 
These changes have been described in detail in dogs.2° Taube and 
‘ssex® administered large doses of venom (crotalin) intravenously 
and produced widespread hemorrhagic lesions throughout the body. 
In nature, however, the venom is usually injected subcutaneously. 
It is our purpose to report the lesions produced by the subcutaneous 
injection of a lethal dose of crotalin into the Macaca mulatta* 
monkey, 

Nine young Macaca mulatta monkeys were given rattlesnake 
(Crotalus atrox) venom into the subcutaneous tissues of the lumbar 
region, ‘The dose, given as a 1% solution in saline, corresponded 
to 7 to 10 mg of the dried venom per kilo of body weight. 

lor several hours after injection the animals behaved about as 
usual, but later became weak, lethargic, and refused to eat. The 
lethargy and weakness increased in severity until death occurred 
at an average of 36.5 hr after injection. 


* Aided by a grant from the American Association for the Advancement of 
Selones, 

1 Noguehi, I., Snake Venoms, Carnogioe Institution of Washington, 1909, 

8 Jackson D,, Southern Med, J., 1929, 22, 605, 

‘Taube, UH. N., and Hssox, WM. H., Arch. Path, 1987, 24, 43. 

4 Zuckerman, 8, and Multon, J. i, “he Nomenclature of Primates Commonly 
UVaed in Laboratory Work, Tuttle, Morehouse & Taylor Oo., New Haven, 1934. 
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Postmortem examination revealed in the subcutaneous tissues an 
intense hemorrhagic edema which involved about 50% of the body 
area. It extended from the mid-thoracic region to the buttocks and 
groin, and, in several cases, down as far as the knees. At the ad- 
vancing edges of the lesion there was marked edema but no hem- 
orrhage. The regional lymph nodes in the groin, and to a less 
extent the iliac, pre-aortic, mediastinal and axillary nodes, were 
swollen and red. In the heart there were small subendocardial 
hemorrhages in the left ventricle in the region of the interventricu- 
lar septum near the aortic ring. This occurred in 6 of the 9 animals. 
Other lesions were not constant and consisted in one animal of small 
sub-pleural hemorrhages, and small sub-capsular hemorrhages of the 
liver, and in 2 others of petechial hemorrhages into the mucosa of 
the cecum. The lungs and abdominal viscera were pale and dry. 

Microscopically, in the region of subcutaneous hemorrhagic 
edema, necrotic changes were found in the walls of small blood 
vessels and capillaries. Actual ruptures of the walls were seen in 
places. Many of the vessels contained thrombi which partially or 
completely filled the lumens. The surrounding tissues were infil- 
trated with erythrocytes, fluid, and scattered collections of poly- 
morphonuclears. At the advancing edge of this lesion the blood 
vessels showed only dilatation and some swelling of the endothelium, 
while the exudate consisted mainly of fluid, with very few erythro- 
cytes. The regional lymph nodes revealed marked dilatation of the 
medullary sinuses, but little change in the cortex. The medullary 
sinuses contained erythrocytes and large phagocytic reticulo- 
endothelial cells, some of which were distended with as many as 15 
to 30 erythrocytes. No necrotic or thrombotic lesions were found 
in the blood vessels or lymphatics of the lymph nodes. Some poly- 
morphonuclear infiltration and fatty degeneration of muscle were 
observed in the region of the subendocardial hemorrhages of the 
heart. The hepatic cells showed slight granular degeneration, and 
the convoluted and collecting tubules of the kidney showed granular 
and fatty degeneration. No definite glomerular lesions were 
present. The lungs, gastrointestinal tract, spleen, pancreas, adre- 
nals, gonads and urinary bladder showed no significant changes. 

It is evident from these observations that crotalin acts as a pow- 
erful tissue irritant, causing necrosis and actual dissolution of blood 
vessels, At the edge of the subcutaneous lesion the venom is more 
dilute, the vascular lesions less severe, and it is from here that maxi- 
mum absorption of venom probably takes place. The regional lymph 
nodes show the most intense reaction, but as the venom-containing 
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edematous fluid passes by way of the abdominal and thoracic chains 
of nodes into the thoracic duct and subclavian vein, lymphadenitis is 
seen in these other nodes, varying in severity in direct proportion to 
their proximity to the primary lesion. 

Clinical observations and the autopsy findings of widespread vas- 
cular dilatation, hemorrhage, and edema led Taube and Essex to 
conclude that their animals died in shock. Whereas shock seems the 
most probable major factor in the death of animals subjected to 
venom intravenously, the evidence is not so clear for this assump- 
tion following the subcutaneous administration. Our animals 
showed none of the generalized vascular lesions which Moon? has 
suggested as the pathologic basis of shock. There was only a sub- 
cutaneous loss of blood and fluid, which was so extensive, however, 
that it might be considered capable of causing shock. 
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Cerebral Blood Flow Changes During Insulin and Metrazol 
(Pentamethylenetetrazol) Shock. 


B. S. Lerpe, anp G. Epwarp Hau. (Introduced by Frederick 
Banting. ) 
From the Department of Medical Research, Banting Institute, University of 
Toronto. 


The use of insulin and metrazol in shock therapy for schizo- 
phrenia is now well known. 

Using a greatly modified, flexible thermostromuhr simultaneous 
records of blood flows in carotid artery and meningeal branch of 
the jugular vein were made in rabbits throughout the course of 128 
shock experiments. 

Normal venous and arterial blood flows were recorded for one 
hour. Blood was taken for initial glucose determination.* Insulin 
was injected subcutaneously (2 units per kilo). Blood sugars were 
estimated at half-hour intervals for 1% hours, after which 15- 


5 Moon, V. H., Arch. Path., 1937, 24, 642, 794. 

* True glucose was determined on 0.3 c¢ blood precipitated by the method of 
Herbert and Bournel and glucose determined by a modified Shafer-Hartman 
reagent (Harding and Downs2). 

1 Herbert, F. K., and Bourne, M. C., Biochem. J., 1930, 24, 299. 

2 Harding, V. J., and Downs, C. E., Can. Chem. Met., 1932, 16, 12. 
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minute samples were taken. Blood flow readings were taken at 
intervals of 2 minutes or less. 

The animals usually developed convulsions within 1%-2 hours 
(Fig. 1). At the onset of the convulsions the blood sugar was 
always 6 mg % or less. During the convulsions the blood sugar 
was always undetectable. In the coma stage, following the initial 
convulsion, the blood sugar fluctuated from 6 mg % to 8 mg %. 
Spontaneous secondary convulsions frequently occurred, during 
which time the blood sugar was again undetectable. 

At the onset of the primary convulsion the blood flow (Fig. 1) 
in the cerebral branch of the jugular vein increased very markedly, 
even up to 50%, while at the same time the arterial blood flow 
remained constant. This initial phase was followed by a simul- 
taneous decrease in both arterial and venous flow to as low as 25% 
of the normal level. 

In cases where the animals did not go into convulsions there were 
no significant changes in blood flow, even though the blood sugar 
had decreased from 95 mg % to 6 mg %. 

Shock was induced by metrazol injections in another series of 
animals prepared in a manner similar to that already described. It 
has been found that typical convulsions are produced in rabbits 
(2-3 kilo) by the intravenous injection of 0.75 cc of a 4 % solution 
of metrazol in distilled water. 
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Following the injection of an effective dose of metrazol (Fig. 2) 
the animal almost immediately went into a very typical convulsion 
which lasted about 2 minutes. This was followed by a_semi- 
comatose state which persisted for several hours. Coincident with 
the beginning of the convulsive state the arterial and venous blood 
flows decreased rapidly to one-half or even one-fifth of the normal 
flows. The blood flow rates returned to normal in an irregular 
fashion, suggesting the widespread cerebral arteriolar effects 
brought about by the metrazol injections. 

The tremendous fall in blood pressure during the actual convul- 
sion made it impossible to obtain blood samples from the ear for 
sugar estimations. However, in the post-convulsion state there was 
a definite hyperglycemia which persisted for several hours. (Fig. 2.) 

Thus in insulin shock there was an initial increase in venous 
return from the brain, suggesting a decrease in size of the brain, 
while the arterial flow remained constant. This phase was promptly 
followed by a simultaneous decrease in blood flow in both the arterial 
and venous sides to such an extent that cerebral anemia was inev- 
itable. 

The blood flow changes during metrazol shock were even more 
rapid. The decrease in cerebral blood flow, both arterial and venous, 
was sufficient to produce a severe and prolonged cerebral anemia. 
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Action of Pentamethylenetetrazol (Metrazol) and Insulin on 
Brain Potentials of the Rabbit. 


J. E. Goopwin, D. P. C. Lioyp anp G. Epwarp HALL, (Intro- 
duced by Frederick Banting.) 


From the Department of Medical Research, Banting Institute, University of 
Toronto. 


The use of pentamethylene tetrazol (metrazol) and insulin shock 
therapy in schizophrenia has prompted several investigations in this 
laboratory upon the actions of these agents given in convulsive 
doses. This report deals with some of these actions upon the poten- 
tials recorded from the intact rabbit cortex. 

Recordings have been made with electrodes of the type described 
by Rheinberger and Jasper’ placed symmetrically on the precentral 
and striate areas of the rabbit. Potentials were led through con- 
denser coupled amplifiers to moving coil oscillographs. Other 
records were made with paired silver tube electrodes (Adrian)? 
following trephination. Curare and artificial respiration have been 
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1 Rheinberger, M. B., and Jasper, H. H., Am. J. Physiol., 1937, 119, 186. 
2 Adrian, E. D., J. Physiol., 1937, 88, 127. 


898 BraAIn POTENTIALS IN SHOCK THERAPY 


used in experiments with metrazol to obviate the gross movement 
artefacts, but with insulin, the use of curare has been found im- 
practical, due to its hyperglycemic action, which prevented the 
occurrence of convulsions in all our earlier experiments. 

Metrazol. Fig. 1 shows a continuous record of the average 
metrazol convulsions, the potentials being recorded with paired 
leads on the area striata. There are 4 clearly defined phases follow- 
ing the latent period, which varies from 3-12 seconds. Phase 1 
lasts from 2-21 seconds in primary convulsions and has a wave 
form very close to that recorded in human petit mal epilepsy. This 
phase is usually absent in the later secondary convulsions which 
often occur. Phase 2 lasts from 23-75 seconds, phase 3 from 0-13 
seconds, while phase 4 is prolonged, lasting for one hour and up. 

The first and second phases are probably due to the direct action 
of the metrazol. The third phase is possibly a true post-activity 
depression. The fourth phase may be due to the diminished blood 
flow noted by Leibel and Hall® with a resultant impairment of 
cortical function. No exact correlation with motor phenomena has 
as yet been possible due to the necessity for using curare. 

Insulin. Fig. 2 shows representative excerpts from a record ob- 
tained with bilateral leads on the precentral and striate regions. 
There is a progressive increase in slow wave activity during the 
preconvulsive stage. Following convulsion the slow random type 
of wave continues for some time. Glucose, given in either the pre- 
convulsive or postconvulsive stage, will interrupt the slow wave 
production, substituting a more normal type of activity. Imme- 
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3 Leibel, B. S., and Hall, G. E., Proc. Soc. Exp. Bion. anp Mzp., 1938, 38, 894. 
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diately following a convulsion there may be a period of post-activity 
depression as in the case of the metrazol experiments. 

A prolonged course of injections of insulin or metrazol in con- 
vulsive doses, (30-36 injections over 58-63 days) has not apprecia- 
bly altered the course of the convulsive response from that observed 
in previously untreated animals. 

The most conspicuous similarity between the actions of metrazol 
and insulin on cortical potentials is the prolonged phase of random 
slow wave production, which may possibly be correlated with the 
period of reduced cerebal blood flow® and coma. 
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Lead Analyses of Hair as an Indication of Exposure to Lead. 


Joseru L. MeLtnick AND GrorceE R. Cowen, 


From the Laboratory of Physiological Chemistry, Yale University, New Haven, 
Conn. 


Meillére* believed that the hair acts as a channel of lead excretion 
from the body. The implications of this finding, if correct, in rela- 
tion to medical and industrial problems involving serious exposure 
to lead are obvious. Inasmuch as Meillére made no attempt to 
determine the extent of contamination of his material, his thesis 
requires further support before it can be accepted. Previous work 
in this laboratory* has confirmed that of numerous investigators 
indicating that lead is extremely widespread. It is obvious, there- 
fore, that before this question of true lead content of hair can be 
studied properly, it is necessary first of all to obtain a complete 
removal of that which is present as an external contaminant. Ex- 
periments were performed for the purpose of revealing how such 
contaminating lead may be removed. For example, after treatment 
with ether to remove lipoidal material, hair was washed in soap 
solution, and then in acetic and nitric acids with the idea that the 
lead could be removed as the soluble salts, but this technic gave 
unsatisfactory results. Finally, trials were made of the efficacy of 
treatment with diphenylthiocarbarzone in chloroform, the reagent 
found so useful in analysis for lead. When lead in known amounts 


1 Meillére, M. G., Compt. rend. Soc. de biol., 1902, 54, 1134, 
2 Horwitt, M. K., and Cowgill, G. R., J. Pharm. Exp. Ther., 1937, 61, 300. 
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was added to hair to simulate natural conditions of contamination, 
it was not possible by any of the above methods used to bring the 
concentration down to what might be regarded as normal levels, 
such as those characteristic of Group IA in Table II. 

The problem of metabolic loss of lead through the hair was then. 
approached by means of experiments on rats. The animals, the 
hair of which had been clipped, subsisted on a low-lead diet for a 
period of about 3 weeks, during which an amount of hair sufficient 
for analysis had grown back; at this time the animals were clipped 
again, and the hair examined for lead. The rats then received lead, 
in the form of the acetate, both by mouth and by subcutaneous 
injection, until a new crop of hair appeared, a period again of 
approximately 3 weeks. In taking hair for the second analyses, 
care was exercised to avoid the region where the injections were 
made. The data obtained are presented in Table I. All analyses 
were made by the Horwitt-Cowgill method.? 


TABLE TI. 
Amt of lead in hair 
in relation 
Body wt Amt of lead given by to lead administration 
Gia jaa Sora ai (9 ak QQ a... (i 
Initial Final Stomach Tube Injection Before After 
g g mg mg p-p.m.*. p.p.m.* 
280 220 60 45 4 14 
380 320 80 60 2 18 
148 172 50 41 2 7 
86 133 32 36 4 14 
110 186 4] 45 6 11 
90 210 0 0 3 25 


*parts per million. 


The decrease in weights of the adult animals and the relatively 
poor growths exhibited by the younger rats indicate that the lead 
was present in toxic amounts. Although the lead content of the 
hair increased somewhat after lead administration, the fact that 
the control animal gave a figure slightly higher than any of the 
experimental rats constitutes ample evidence that lead is not ex- 
creted in the hair in this species. The lack of depression of the 
control animal and its greater activity doubtless account for its 
greater contamination. 

As it is now evident that lead in hair cannot be regarded as that 
in process of excretion from the body, any found in the hair must 
represent external contamination. From this it follows that a high 


3 Horwitt, M. K., and Cowgill, G. R., J. Biol. Chem., 1937, 119, 553. 
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content of lead in the hair is sufficient indication that the individual 
is exposed to high concentrations of lead dust, a form of lead par- 
ticularly dangerous because it can be inhaled and thus absorbed by 
the body.* To obtain some degree of confirmation of this hy- 
pothesis, the hair secured from 30 persons has been analyzed and 
considered in relation to probable serious exposure to lead. The 
first group, consisting of 22 persons, includes students, physicians, 
and individuals from various trades not characterized by undue 
exposure to lead. The 8 individuals in the second group are paint 
scrapers, lead smelters, and workers in the scrap metals trade. 


TABLE II. 
Lead in hair in parts per million 
‘Ck Lae Ee eT 
Group No. of individuals Range Average 
IA 20 10- 41 21 
B 2 94-140 117 
II 8 135-850 510 


Two individuals with no apparent undue exposure to lead proved 
to have considerably greater concentrations of the metal in the hair 
than others in the “normal” group. They are indicated by the letter 
B in the table. From the values presented it might be reasoned that 
these 2 persons should be classified with Group II, but since they 
were not knowingly exposed to lead, they have been placed in a 
separate division. The evidence in the table indicates that exposure 
to lead dust increases the lead “content” of the hair considerably. 
On the basis of the averages presented in the last column of Table 
II, this increase over the “normal” is about 25 times. 

A practical industrial application of these findings would seem to 
be in the analysis of the hair of workers at intervals to determine 
not only the degree of their exposure to lead dust, but the efficiency 
of the.devices used and measures taken to reduce the concentration 
of lead in the air of the plant. As was pointed out at the beginning 
of this communication, several experiments failed to reveal any 
satisfactory method by which contaminating lead may be washed 
from hair. 

Summary. 1. The administration of lead salts to young white rats 
did not lead to an increased amount of the metal in the hair. There- 
fore the view that lead is “excreted” through the hair is not sup- 


4 Aub, J. C., Fairhall, L. T., Minot, A. S., and Reznikoff, P., Lead Poisoning. 
Medicine Monographs, Vol. VII, Baltimore, Williams and Wilkins Co., 1926. See 
particularly pp. 45-48. 
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ported by the results of this study. 2. On the basis of observations 
made on 30 human beings with variable exposures to lead it is 
concluded that the amount of lead to which an individual is exposed 
may be estimated with reasonable accuracy by analysis of the hair 
for this metal. 
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Gonad-Stimulating Abilities of Male and Female Rat Pituitary 
Glands.* 


A. A. HELLBAUM AND R. O. GREEP. 


From the Department of Physiology, University of Oklahoma School of Medicine, 
and Biological Laboratories, Harvard University. 


Functional differences in the hypophysis of male and female rats 
have been demonstrated through the use of gonadal transplants. 
Goodman’ obtained only follicular growth in ovaries transplanted 
into the anterior chambers of the eyes of adult males, while cor- 
responding implants into female rats resulted in the production of 
corpora lutea. Pfeiffer” confirmed and extended the experiments 
of Goodman in finding that ovarian grafts in the anterior eye cham- 
bers of normal males or males whose testes had been removed and 
reimplanted ectopically, showed only follicular growth. Evans, 
Simpson and Pencharz* found that transplants of fresh pituitary 
tissue from normal male rats produced a purely follicular response 
in the ovaries of immature females. On the other hand, Lipschiitz 
and Reyes®® reported that male hypophysis induced luteinization in 
100% of the immature female rats, whereas no lutein tissue de- 
veloped with the use of female hypophysis. 

Since the ovarian response to pituitary implants is.determined to 
a considerable extent by active secretion of the gland after implanta- 
tion, the present report concerns the ovarian stimulation induced 


* Aided in part by a grant from the Research Appropriation of the University 
of Oklahoma School of Medicine. 

1 Goodman, LeRoy, Anat. Rec., 1934, 59, 223. 

2 Pfeiffer, C. A., Am. J. Anat., 1936, 58, 195. 

3 Pfeiffer, C. A., Anat. Rec., 1937, 67, 159. 

4 Evans, H. M., Simpson, M., and Pencharz, R., Proc. Soc. Exp. Biot. AND 
MeEp., 1935, 32, 1048. 

5 Lipschiitz, A., and Reyes, G., Compt. rend. Soc. de biol., 1932, 109, 1330. 

6 Lipschiitz, A., Quart. J. Exp. Physiol., 1935, 25, 109. 
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TABLE I. 
Effects of Normal Male and Female Rat Pituitary Glands on Ovarian Response of 
Normal 21-day-old and Hypophysectomized Immature Rats. 


Test rats 
C— eal 
Ov. wt and No. of rats showing 
oa See aN 
Follicles only Corpora lutea 
Donors Total ————___, 
ST No. No.of Ov. wt No.of Ov. wt 
Age Sex No. Rats Rats Range (mg) Rats Range (mg) 
Tested on normal immature female rats. 
25 days M 15 3 3 41-74 
40 ”’ M 9 3 3 36-44 
2 mo. M 6 3 3 42-63 
Site M 16 8 6 33-46 2 52-64 
gs M 6 3 3 32-39 
(ea M 12 6 3 54-74 3 88-109 
NANT M 8 4 4 17-53 
Lime? M 10 5 4 27-71 1 112 
25 days M 14 2 2 106-108 
2 mo M 12 3 3 76-118 
Sue M 11 3 3 77-88 
Gat? M 8 2 2 134-152 
4-12 mo F 49 11 11 17-49 
Tested on hypophysectomized immature female rats. 
4-18 ”’ M 98 15 14 15-48 1 37 
4-18 ”’ M 24 2 2 67-83 
25 days M 30 il 1 93 


Ovaries of control immature rats weighed an average of 12.5 mg; those of 
hypophysectomized rats averaged 5 mg. 


by the relative amounts of gonadotropic factors present at a given 
time. Acetone dried powder of rat pituitary glands was injected at 
different dose levels and the ovarian response determined. The 
hypophyses of 127 male rats of various ages, as shown in Table I, 
were tested in 45 female rats 21 days of age, while those from 152 
other males were tested on 18 hypophysectomized immature female 
rats. Similarly the effect of 49 adult female pituitaries was noted 
in 11 normal 21-day-old recipients. 

The ovaries of 31 of the 45 normal rats injected with male rat 
pituitary powder weighed less than 75 mg and corpora lutea were 
found in only 2 instances. With the administration of pituitary 
powder from a greater number of males the ovarian responses ex- 
ceeded 75 mg and luteinization occurred in every case. Of 18 hypo- 
physectomized test rats injected with male pituitaries, the ovaries of 
all but 3 showed only follicular stimulation; the 3 hypophysecto- 
mized animals whose ovaries contained corpora lutea were injected 
with a greater number of male pituitaries and the ovaries weighed 
67, 83 and 93 mg. It thus seems that the hypophysis of the normal 
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male rat is relatively deficient in, but not free of, the luteinizing 
factor. The pituitaries of 49 adult females induced luteinization in 
every instance irrespective of the magnitude of the ovarian en- 
largement. 

Experiments now in progress indicate that castration qualitatively 
alters the activity of the gonadotropic complex of the hypophysis in 
rats. A pituitary gland no longer under the influence of the testes 
shows an increase in the luteinizing factor, which becomes definitely 
evident about the 20th day after gonadectomy. The concentration 
of the luteinizing factor becomes such that from the Ist to the 11th 
month after the operation, injection of pituitary powder from these 
animals produces heavy luteinization in ovaries of normal and 
hypophysectomized test rats in every instance. In time, however, 
the luteinizing capacity is again diminished and the pituitary glands 
become devoid of this factor even at high dosages. 

Conclusions: Assays of male and female rat hypophyses were 
made by injecting acetone dried glands into normal and hypo- 
physectomized immature female rats. Male hypophyses stimulated 
follicular development only, unless large amounts of the desiccated 
glands were administered. The hypophyses of adult female rats 
induced luteinization at all dose levels. 
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Respiratory Effects from the Passage of Polarizing Currents 
Through the Medulla Oblongata.* 


HaypbeENn C. NICHOLSON AND SIDNEY SOBIN. 
From the Physiology Laboratory, University of Michigan, Ann Arbor. 


In a series of experiments now extending over several years we 
have been attempting to investigate the site and functioning of the 
central respiratory mechanism by exposing the posterior portion of 
the floor of the fourth ventricle and studying the effects of lecal 
cooling of that region and the effects of the application of certain 
drugs to it. It was felt that additional information might be gained 
by studying the effects of the passage of polarizing currents through 
this part of the brain stem for it seemed likely that if too great 


* These experiments were supported in part by a grant from the Rockefeller 
Foundation to Robert Gesell for studies on respiration. 
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current density was avoided, it might be possible in this way to 
produce temporary depression of function without causing irrep- 
arable tissue damage. 

Twenty experiments have been performed. In all these, dogs 
anesthetized either with morphine and urethane or with pentobar- 
bital were used. As one electrode we used the instrument which 
had previously served as our applicator in the experiments on central 
cooling. The silver chloride plated silver tip of this electrode, 
triangular in shape, measuring about 3 mm on a side, was placed in 
light contact with the floor of the fourth ventricle in the calamus 
scriptorius. A large, indifferent electrode, also silver-silver chloride 
was wrapped in cotton soaked in saline and placed, in some experi- 
ments, in the mouth, in others beneath the skin over the occiput. 

With the electrodes so placed, a current of only a few milliam- 
peres resulted in profound changes in respiration. In some cases 
the effects were completely reversible while in other cases recovery 
did not occur, suggesting that permanent damage had been done. 
Inspection of the brain in these latter cases frequently revealed gross 
tissue destruction. 


qc tet 
Av al t 


A 


Fig. 1. 

Effect of polarizing currents on respiration. Records are of circumference 
changes of the abdomen, downstroke representing inspiration. Upright arrows 
indicate increases in current strength, inverted arrows decreases. In records A 
and B the last arrow indicates decrease of the current to zero. In record C the 
current was increased in the intervals shown by breaks in the record. In record A 
the electrode in contact with the surface of the brain was the cathode; in record 
B, the anode; in record C, the anode; and in record D, the cathode. 
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The results, somewhat variable, seem to fall into 2 groups. In 
the majority of the experiments, the effect of the passage of such a 
current was a decrease in amplitude of respiration proportional to 
the current strength and independent of the direction of current 
flow. When respiration ceased, it was with the chest in the expira- 
tory position. These results we believe represent the effect of de- 
pression of the entire respiratory center—inspiratory as well as ex- 
piratory parts. Two examples of this type of response are illus- 
trated in Fig. 1 A and B. 

The other type of response, illustrated in Fig. 1 C and D, is 
characterized by a marked increase in the duration of inspiration 
resulting in so-called apneustic respiration. This type of breathing 
we have also produced by local cooling of the floor of the fourth 
ventricle’ and by the application of cocaine” and is the result, we 
believe of depression of the expiratory portion of the central res- 
piratory mechanism leaving the inspiratory portion relatively uni- 
affected. It is interesting that all of the stages between normal res- 
piration and apneusis which have been observed during gradual 
cooling and the gradual absorption of cocaine may also be seen 
during the passage of a polarizing current. This is well illustrated 
in Fig. 1 C. The first effect seen in C, is a slight decrease in the 
duration of the expiratory pause with a small increase in the respira- 
tory rate. In C, we see that the expiratory pause is now almost 
completely abolished with as yet no evidence of inspiratory pro- 
longation, resulting in a considerable acceleration of respiration. 
In C, the expiratory pause has completely disappeared and an in- 
spiratory pause appears and becomes progressively more marked 
until the respiration is decidedly apneustic in type with the rate far 
below normal. Complete recovery did not occur in this case, the 
respiration remaining somewhat apneustic in type after cessation 
of the current. Re-application of the current, now in the opposite 
direction, Fig. 1 D, greatly intensified the apneusis. 


1 Nicholson, H. C., Am. J. Physiol., 1936, 115, 402. 
2 Nicholson, H. C., and Sobin, S., in press. 
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Spherule Formation and Endosporulation of the Fungus 
Coccidioides in vitro.* 


ArtHur R, Lack. (Introduced by Ernest C. Dickson.) 


From the Department of Public Health and Preventive Medicine, Stanford Uni- 
versity School of Medicine, San Francisco. 


Since the causative agent of coccidioidal granuloma (Coccidioides 
imnutis Stiles) was demonstrated to be a fungus and not a pro- 
tozoon by Ophtils and Moffitt,’ the reason for the formation of 
spherules in the animal body has evaded explanation. MacNeal and 
Taylor® were the first to attempt to obtain growth of spherules out- 
side of the animal body. They inoculated pus containing spherules 
into tubes of ascitic fluid and gelatinized horse-serum to which 
sterile tissue had been added and cultured them anaerobically. They 
observed that parasitic forms, 7. e., spherules, continue to multiply 
for a time by endogenous formation. Takahashi* repeated the ex- 
periments of MacNeal and Taylor, but was unable to observe the 
formation of endosporulating spherules. Ciferri and Redaelli,* 
however, were able to confirm the continued formation of endo- 
sporulating spherules from pus containing non-endosporulating 
spherules. On the other hand, their anaérobic tubes inoculated with 
fungus from normal cultures showed nothing interesting. 

In an effort to find the prerequisite conditions for spherule- 
formation in the case of coccidioides, a series of semi-anaérobic ex- 
periments was performed. 

Procedure: A semi-anaérobic constricted tube of the Hall® type 
was used. A series of tubes was filled well above the point of con- 
striction with filtered glucose-broth having a pH of 7.2 and heated 
to 100°C for 15 min. When cooled to room temperature, they were 
ready for inoculation. The inoculum was prepared by extracting 
the albumin from a fresh egg and suspending in it a preparation of 
chlamydospores from an 8 weeks’ old fungus culture (from the 
Stanford Fungus Series, strain No. 46). This inoculum was 


* This study is being aided by the Rosenberg Foundation, San Francisco. 

1 Ophiils, W., and Moffitt, H. C., Phil. Med. J., 1900, 5, 1471. 

2 MacNeal, W. J., and Taylor, R. M., J. Med. Research, 1914, 30, 261. 

3 Takahashi, 8., Arch. f. Dermat. u. Syph., 1933, 168, 597. 

4 Ciferri, R., and Redaelli, P., Soc. internaz. di microbiol., Boll. d. sez. ital., 
1934, 6, 141. 

5 Hall, I. C., J. Inf. Dis., 1921, 29, 317. 
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pipetted into the bottom of the constricted tubes and immediately a 
sterile marble large enough to close off the constricted neck was 
dropped in place. By gentle warming partial coagulation of the egg 
albumin within the lower chamber was obtained, the heat being 
insufficient either to kill the organism or completely coagulate the 
egg albumin. Four control tubes were prepared: one as described 
above but uncoagulated by heat, one containing the inoculum with 
no marble, one with fresh egg albumin and one with the suspension 
of chlamydospores without egg albumin. The tubes were then in- 
cubated at 37°C. Samples were taken every 24 hr and examined 
by coverslip and stained smear preparations. 

Results: At 24 hr, the experimental tubes show a slight enlarge- 
ment of the chlamydospores within the egg albumin. A rounding- 
out of previously oval shaped chlamydospores takes place. There 
is no development of mycelial buds (hyphze) from either the 
chlamydospores or the broken mycelial fragments contained in the 
original chlamydospore suspension. The controls show no changes 
except for beginning hyphze formation in the tube containing the 
fungus without the egg albumin. 

By 48 hr, the growth or enlargement of the chlamydospores in 
the experimental tubes continues with the formation of now small, 
spherule-like bodies, round in contour and possessing a distinct, 
greenish capsule. Round bodies are seen which are 20-30» in diam, 
are finely granular in structure and possess a greenish, granular 
capsule. These may be designated the “granular” type of spherule. 
In these same cultures are found larger round organisms (30-40. 
in diam), granular in structure and possessing a thick yellow-green 
capsule, from which peripherally radiate numerous large spicules. 
These spicules are quite distinct in structure, being broad’ at their 
base and quickly narrowing to a very sharp point; they are anal- 
ogous to the prickle-forms described by Rixford and Gilchrist.® 
Again the controls show no changes except for growth of mycelium 
in the tube containing the fungus alone. 

After 7 days, coverslip-examinations of portions of the egg al- 
bumin of the experimental tubes show many greenish, granular 
spherules, some of which have the sharp, broad spicules. There are 
a few clear (vacuolated) spherules possessing wide, refractile, 
double-contoured capsules which are yellowish green in color. A 
large spherule of approximately 50» in diam, with a greenish cap- 
sule of medium width, is seen. Within this organism are round or 


6 Rixford, E., and Gilchrist, T. C., Johns Hopkins Hosp. Reports, 1896, 1, 209. 
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irregularly shaped bodies about 6-10» in diam. These are endo- 
bodies or endospores. The control tubes show no spherule-develop- 
ment; mycelial growth is obtained in the tube with no marble and 
in the upper portion of the tube with coccidioides alone. 

The formation of endospores in the spherules obtained in this 
series establishes the identity of the spherule-form. It also indi- 
cates the maturity of the organism and renders the in vitro develop- 
ment of the fungus under certain conditions comparable to the 
in vivo development of the same fungus. 

Summary: The parasitic cycle of the fungus coccidioides was re- 
produced im witro. Spherule-formation with endosporulation was 
experimentally produced under certain conditions, including partial 
anaérobiosis and the presence of partially coagulated egg albumin. 
An interesting type of spherule-formation (granular spherule) and 
a distinct spicule formation are described. 
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Influence of Ketene on the Potency of Antipneumococcus 
Serum.*} 


JosEpH T. TAmMuRA AND M. JouN Boyp. (Introduced by 
S. Tashiro.) 


From the Departments of Bacteriology and Biochemistry, College of Medicine, 
University of Cincinnati. 


Recently we’ showed that the treatment of anti-Brucella horse 
serum with ketene for 35 min or more prevents anaphylactic shock 
in animals sensitized to the original antiserum. Furthermore, such 
a serum still retains the major part of its agglutinating antibody. 
The purpose of this paper is to record the influence of ketene on the 
protective power of antipneumococcus serum. 

Type I antipneumococcus horse serum, containing 200 units per 
cc (1642-1, Eli Lilly and Co.) was tested. To 10 cc of the serum 
to be ketenized, 0.6 g of NaHCO, was added to buffer the acetic 


* This research was aided in part by a grant from the Craig Yeiser Fund, 
College of Medicine, University of Cincinnati. 

+ The authors wish to acknowledge the courtesy of Dr. Mary B. Kirkbride of 
the New York State Department of Health, and Dr. H. M. Powell of the Eli Lilly 
and Company. 

1 Boyd, M. J., and Tamura, J. T., Proc. Soc. Exp. Bron. AND Mup., 1938, 
38, 184. 
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acid which is formed during the process. A drop of caprylic al- 
cohol was introduced to prevent foaming. Ketene gas was passed 
through the serum for 35 min at the rate of 100 bubbles per min 
(diam of inlet tube, 4 mm). At the end of the ketenizing process 
the pH of the serum was 7.8. Both the ketene treated and the 
original antisera were diluted with 0.85% physiological salt solution 
until 1 unit was contained in 0.5 cc. In this test a constant amount 
of serum and varying amounts of culture were used. 

A New York State Laboratory strain, pneumococcus type I “N”’ 
(Neufeld) bacterial collection No. 1 was employed. The first blood- 
broth transfer of a heart-blood culture from a mouse dying within 
48 hr after intraperitoneal inoculation of 0.00000001 cc of culture 
was used in the test. Organisms were cultured in double infusion 
blood-broth for 16 hr at 37°C. All dilutions were made in broth 
so that the desired amount of culture was contained in 1.0 cc. 

On the assumption that each pneumococcus colony represents the 
growth from one organism, the number of pneumococci per cubic 
centimeter was determined by triplicate blood agar pour plates at 
the time of the test by the use of 1.0 cc each of 10-7, 10-8, and 10° 
dilutions of the culture; the colonies were counted after 48 hr in- 
cubation. 

All dilutions of cultures were made and all mice were injected 
within 1 hr from the time the dilutions of cultures were prepared. 
The diluted cultures containing varying amounts of organisms, were 
thoroughly mixed with diluted serum and 1.0 cc of the mixture 
immediately injected intraperitoneally into mice weighing from 
18-22 g. Each cc of the mixture contained 1 unit of antiserum. 


TABLE I. 
Influence of Ketene on the Protective Antibody of Antipneumococcus Serum. 
Unit of 
No. of serum ec of No. of 
mice used culture organisms 
Serum used (0.5 cc) used injected Results 
Ketenized 9 1 0.5 x 10-38 4500000 All protected 
35 min. 9 1 0.2 x 10-3 1800000 ”’ se 
9 1 0.05 10-8 450000 +”? ae 
Original 5 1 0.5 > 10-3 4500000 Four protected. One 
serum died in 75 hr 
5 1 0.2 10-3 1800000 Four survived. One 
died in 85 hr 
5 1 0.05 x 10-3 450000 All protected 
Control 3 0 Ome ai0=2 9 All died within 48 hr 
3 0 1.0 > 10-8 90 ee ae ?? 24-30 hr 
3 0 AO) Seater CIO ee Reo nade 27 S62 One? 
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Mice surviving for 96 hours or more were considered protected by 
the serum. The results of this test are given in Table I. 

Twenty-seven mice were protected when injected with a mixture 
of one unit, or 0.005 cc of ketenized serum and pneumococci num- 
bering from 450,000 to 4,500,000, whereas out of 15 mice injected 
with one unit of original antiserum and a similar number of organ- 
isms one died in 75 hours, another in 85 hours. Nine unprotected 
control mice died within 16 to 48 hours after injection with from 
9 to 900 organisms. 

The results of the present study indicate that the protective anti- 
body of antipneumococcus horse serum is unchanged when treated 
with ketene, and strongly suggest that the ketenization of antisera 
might be very useful in serum therapy. 
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Delayed Sedimentation in Antihemocyanin-Systems. 


SANFORD B. HooKeEr. 


From the Evans Memorial, Massachusetts Memorial Hospitals, Boston. 


In the course of some turbidimetric observations on precipitative 
systems, using the Evelyn photoelectric photometer, it became desir- 
able to correlate the measurements with particulation and evenness 
of sedimentation as determined by direct inspection. Within a cer- 
tain limited range of rather strong mixtures of Limulus hemocyanin 
and its antiserum it was found that sedimentation was enormously 
delayed, sometimes requiring several days for completion. The 
same kind of behavior was noted with the hemocyanin of Fulgur 
carica but not with crude horse serum and its comparatively weak 
antiserum. If the mixtures were agitated by convective currents, 
when the tubes were partly immersed in a waterbath, no zone of 
delayed sedimentation was observed. In weaker mixtures, even 
though they covered the same range of optimal flocculation, sedi- 
mentation proceeded also in the regular way. 

One-milliliter volumes of mixtures of a constant amount of anti- 
serum with decreasing quantities of antigen were pipetted into small 
tubes, 67 x 4.8 mm inside, which were arranged perpendicularly, 
protected from jar and agitation as far as possible, and kept at room- 
temperature (ca 23°C). In those tubes in which sedimentation was 
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markedly delayed, particulation first occurred in the topmost part 
of the column of fluid and gradually progressed downward.* Other 
mixtures particulated, if at all, evenly throughout the column and 
sedimentation occurred quickly without formation of the sharp 
upper boundary that characterized the other slowly settling aggre- 
gates. 

This boundary was usually as clearly marked as that seen in the 
sedimentation of unagglutinated erythrocytes. The top layer of 
the settling aggregate gradually thickened and became more opaque 
while the finely web-like structure of the underlying column re- 
mained unchanged in density until the whole aggregate was depos- 
ited in the bottom of the tube. In many tubes a clot-like retraction 
of the aggregated structure occurred; narrow clear zones appeared 
along the sides of the tubes from which the aggregates had shrunk 
entirely or to which they remained attached at one or more points. 
Presumably these points of adhesion were rough or dirty spots on 
the glass. Occasionally the aggregated structure appeared to cling 
to a bubble on the surface or showed a funnel-shaped depression 
in the top. These irregularly occurring adhesions naturally made 
the sedimentative rates less orderly. 

As an example of this peculiar delay in sedimentation, the reac- 
tion of Fulgur hemocyanin with its antiserum is given in Table I 
which shows the relation of the speed of settling to the composition 
of individual mixtures. 

In numerous experiments the zone of slowest sedimentation has 
been rather near but always to the left of the tubes showing most 
rapid particulation. When the excess of antigen was considerable, 
although particulation was slow and incomplete, sedimentation 
occurred without the development of the columnar gel-structure 
under a clear supernate. With excessive antibody sedimentation was 
prompt. When the concentrations shown in the table were halved 
this type of delayed sedimentation was not observed. When the 
concentrations were doubled, more than a week was required for 
complete settling in some tubes and the range of the reaction was 
broadened. The phenomenon did not recur if the final deposits 
were thoroughly dispersed with a fine capillary pipette and again 
allowed to flock out. 

The behavior of Limulus hemocyanin was more irregular. In 

* Because these antigens are respiratory proteins it seemed conceivable that 
the presumably higher oxygen-tension at the top of the column might lead to 


earlier particulation. However, the use of freshly boiled salt solution as diluent and 
freshly cooled paraffin oil to overlayer the mixtures thickly did not alter the result. 
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some ranges of concentration two prominent peaks of delayed sedi- 
mentation were seen with a trough of more rapid settling between 
them. This may plausibly be ascribed to the influence of mixed 
antigen-antibody systems—Limulus blood contains several molecu- 
lar species differing in size and antigenic specificity.7 

The general appearance of this phenomenon closely resembles that 
diagrammed by Basset et al.* in a recent report on the effect of high 
pressure upon specific flocculation of the tobacco-mosaic viral pro- 


TABLE I. 
Reactions of Fulgur carica hemocyanin with its antiserum. 


Antigen-N, y* 31 24.8 21.7 12.4 8.7 7.4 5.3 4.4 
Time of first particu- 


lation, min. >180 q 41 25 21 21 23 28.5 
Depth (mm) of 
supernatet 
after 1 hrt 0.5 0.5 1 1.5 2 43 8 
BS ee 1.5 1.5 2 3.5 8 32s iS) 
Zi. Were 2 2 4 14 24 iS) 
Bina? 4.5 4.5 18.5 30 35.5 
BES at s 5 6 23.5 33.5 38 
4.5 7? 8 5 10 29 36 Ss 
Co. 22 8 8 23 34 39 
29) weg S) 18 Ss) s iS) 
In supernate of ten-fold stronger mixtures: 
Antigen, y§ 52 20 2 0 0 0 0 0 
Antibody || 0 0 0 0 0 0 0. Trace 
Antibody-N in 
precipitate, y 811 1110 10717 951 853 806 685 636 


Ratio Ab N/Ag N** 3.14 4.9 5.8 fea 98 109 12.9 14.4 


*Contained in 0.5 ml and mixed with 0.5 ml of antiserum 846, diluted 1:10. 

tThe distance of the upper boundary of the settling aggregate from the 
meniscus. 

tThat is, 1 hr after particulation first occurred in the series. 

§Estimated by speed of particulation with a standardized serum.3 

||Tested with 1.5 y of antigen-N. 

{This mixture contained 186 y of antigen, not 217. 

s = sedimenting with poorly defined boundary or none. 

S = completely sedimented. 

** These ratios are surprisingly higher than were anticipated from results with 
the hemocyanin of the closely related Fulgur lcanaliculatus.1 An explanation was 
sought in the possibility that the carica preparation, stored in glass for 2 years, 
might have dissociated into smaller components and thus offer a larger surface 
with which more antibody could combine. Components about the size of the 
molecule of hemoglobin would be expected, judging from the magnitude of the 
observed ratios.2 However, no specifically reactive material in the diluted carica 
hemocyanin could be made to pass through a membrane with an APD of 14 mu, 
which did permit the passage of hemoglobin. 

1 Hooker, S. B., and Boyd, W. C., J. Immunol., 1936, 30, 33. 

2 Boyd, W. C., and Hooker, 8S. B., J. Gen. Physiol., 1934, 17, 341. 

3 Hooker, S. B., and Boyd, W. C., J. Gen. Physiol., 1935, 19, 373. 

4 Basset, J., Gratia, A., Macheboeuf, M., and Manil, P., Proc. Soc. Exp. Bron. 
AND Mep., 1938, 38, 248. 
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tein. Inasmuch as this protein and these hemocyanins are of huge 
molecular size it may be that the tormation of slowly settling aggre- 
gates is a peculiarity of macromolecular systems. However, the 
sera I have used were unusually powerful (846; contained over 14 
mg of antibody-protein per ml) and other sizes of antigenic mole- 
cules must be investigated under comparable conditions before such 
an assumption would be justified. 

Summary. An unusual zone of greatly delayed sedimentation 
was observed in titrations of the hemocyanins of Limulus polyphe- 
mus and Fulgur carica with their precipitins. The extent of the 
zone was influenced by both the relative and the absolute concentra- 
tion of the two specific reactants. 
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Spontaneous Agranulocytosis in the Cat.* 


Joun S. LAWRENCE AND JEROME T. SYVERTON. (Introduced by 
W. S. McCann. ) 


From the Departments of Medicine and Bacteriology, University of Rochester 
School of Medicine and Dentistry, Rochester, N. Y. 


During the course of making some routine blood counts on cats 
one animal was found with only 350 white blood cells per mm? and 
no neutrophils in the peripheral blood. A portion of the liver of 
this animal was ground up with Alundum in Locke’s solution. After 
settling, the supernatant fluid was used for injection into 5 addi- 
tional cats. This resulted in the development of the same blood 
picture in 2 of these 5 cats. Following this a similar preparation 
was made from the liver of Cat 36 and 6 additional, cats injected 
with this material, part of them receiving the material intraperitone- 
ally and a part subcutaneously. This process was continued as 
shown in Chart 1 until 13 transmissions were accomplished. 

Following injection a typical animal has a period of about 5 days 
when it appears normal. Then, it is frequently noted that food is 
left in the cage and the temperature is usually found to be elevated 
(39° to 41°C by rectum). The animal becomes slightly listless and, 
after a day or two (1. e,, the 6th to the 8th day) may not care to 
stand on its feet. There is no nasal or eye discharge except in a rare 


* Aided in part by a grant from the Committee on Scientific Research of the 
American Medical Association. 
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Represents changes in total number of white blood cells in a typical animal 
following injection of material containing the active agent. 


animal. Diarrhea may occur but is, by no means, constant. Coin- 
ciding with the pyrexia, anorexia and listlessness there is marked 
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neutropenia and frequently the total white blood cell count goes to 
a very low level. 

Chart 2 represents typical findings as regards the white blood 
cells in one of the animals that recovered. However, the response is 
not identical in all animals. In some instances, there is a steady 
decline until the low point is reached on the 6th to 8th day. In 
others, there is no change in the level of the white blood cell count 
until the 6th to 8th day when there is an abrupt fall. In these latter 
animals, there may be a very high percentage of neutrophils on the 
day preceding the development of the leucopenia. 

The striking thing about the differential formula is that very 
large numbers of “stab” cells may appear just prior to the leuco- 
penia or, if recovery occurs, at the time when the white blood cell 
count is increasing. This is well illustrated by Chart 3. The red 
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blood cell count shows no constant variations. The platelets remain 
normal or increased. After one or 2 days, at the height of the 
disease, the animal either dies or begins to eat and has a gradual or 
sudden increase in white blood cells. 
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The number of animals that would recover is not known as 
animals were sacrificed frequently at the height of the disease in 
order to get material for study or for transfer purposes. However, 
7 animals did recover. In these animals, neutrophil counts below 
2000 per mm* were maintained from 2 to 5 days, the majority 
having marked neutropenia for 4 to 5 days. 

Thus far, only a few experiments have been carried out that bear 
on the infectious nature of the disease. 

Bacteriological studies were essentially negative. The blood and 
liver, which provided source material for the inoculation of a wide 
variety of special media that were incubated under aerobic, anaero- 
bic, and microaerophilic conditions, proved to be bacteria-free in 3 
cats and yielded a few extraneous contaminants in 2 additional cats. 

Further experiments, which were designed to bear on the filter- 
ability, or possible virus nature, of the causative agent, yielded evi- 
dence which suggests that a transmissible filterable agent is respon- 
sible for the disease. Three groups of cats, Groups A, B, and C, 
with 6 animals in each, were maintained as entirely separate units 
under rigid isolation for 18 days. Rectal temperatures were ob- 
tained at one to 2-day intervals during this time. Also, white 
blood cell and differential counts were made at one to 3-day inter- 
vals. Following the period of isolation, all of the cats were inocu- 
lated with material derived from a single moribund animal, Cat 172, 
which represented the tenth consecutive passage in the transmission 
series. The inoculum that was used for 2 groups of the cats, Group 
A and Group B, consisted in the supernate, unfiltered and as a 
bacteria-free Berkefeld V filtrate, respectively, of a centrifuged 10% 
liver tissue suspension that had been prepared by trituration of the 
liver with Alundum, using Locke’s solution as the diluent. The third 
group of animals, Group C, received a Berkefeld V filtrate derived 
from the tissues and secretions of the upper respiratory tract. This 
was prepared as follows: The secretions and mucosa of the upper 
respiratory tract, including the turbinates and bronchi, were sub- 
jected to shaking with glass beads for one hour. The fluid portion 
then was pipetted off, mixed in equal parts with a 10% suspension 
of lung tissue, and the resultant mixture centrifuged for one hour 
at 2500 r.p.m. The supernate, following centrifugation, was filtered 
through a Berkefeld V filter and the resultant filtrate, which was 
proven to be free of bacteria, was used as the inoculum for the 
animals in Group C. 

Daily temperature and white blood cell determinations were made 
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following injection. Sixteen of the 18 animals developed typical 
findings of the disease. 

No detailed observations on the pathology of these animals have 
been made but studies are going on in this connection at present. 

Arrangements are being made for the study of other virus dis- 
eases in the cat in order to determine whether the agent responsible 
for this blood picture is a hitherto unknown one or is one that has 
been known to produce disease in the cat but the effect of which on 
the blood was unknown. 

In conclusion, evidence has been presented which seems to justify 
the statement that there is a transmissible disease in the cat charac- 
terized by neutropenia and leucopenia. The causative agent would 
seem to be a filterable agent or a virus. 
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Relation of Chemically Induced Activity in Nerve to Changes in 
Demarcation Potential.* 


T. SyOsTRAND,{ F. Brink AND D. W. Bronk. 


From the Eldridge Reeves Johnson Foundation and the Institute of Neurology, 
University of Pennsylvania, Philadelphia. 


Repetitive activity often develops in mammalian nerves as a result 
of a localized injury (Adrian). The phenomenon has been ex- 
plained by assuming that circulating currents set up between the 
depolarized region of injury and the normal nerve result in periodic 
stimulation, at a frequency which depends on the rate of recovery 
of the normal nerve surface and the strength of the circulating cur- 
rents. Recently, Fessard? has shown that repetitive activity can 
result when crystals of certain salts are applied to a nerve trunk, 
and that the region thus treated may be either positive or negative 
to the untreated parts. In recent work we have made an extended 
investigation of chemical activation of nerve, using isotonic solu- 
tions containing various effective salts applied to single active fibers 
dissected from the sciatic nerve of the frog. In these experiments 


* Supported by a grant from the Supreme Council, Scottish Rite Masons. 

t Fellow of the Rockefeller Foundation. 

1 Adrian, E. D., Proc. Roy. Soc. B, 1930, 106, 596. 

2Fessard, A., L’ Activité Rythmique des Nerfs Isolés, Hermann and Co., Paris, 
1936. 
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the impulses were recorded at the treated region. This is an ideal 
preparation for studying the relation between chemically induced 
activity and changes in demarcation potential. 

The present experiments were undertaken (1) to observe the 
impulse discharge and the change in demarcation potential by simul- 
taneous measurement of the two through the same pair of matched 
electrodes, (2) to measure the effect of anions on the demarcation 
potential of a single fiber, since this bas never been observed in 
studies on the sheathed frog nerve (Wilbrandt,? for discussion), 
and (3) to test our hypothesis that chemically induced activity 
results only during the period of active exchange of ions in a nerve, 
and that the degree of activity depends upon the rate of this 
exchange. 

We have observed that activity can occur with a positive change 
in demarcation potential, as in isotonic NaSCN ; or with a negative 
change in demarcation potential, as when NaCl+ KC! (4 times 
normal) is applied to a fiber previously soaked in NaCl. From this 
it would seem that a sufficient change in electrical potential, of either 
sign can disturb the molecular organization sufficiently to cause 
impulses to develop. However, we have also found activity with 
no change in demarcation potential (within +0.1 millivolt), in 
Na;Ci. Although these latter changes in demarcation potential 
were somewhat variable, Fig. 1 shows a clear-cut case of activity 
occurring when no change in demarcation potential resulted. This 
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Fig. 1. 

Relation between demarcation potential and frequency of response (impulses 
per second). At A, isotonic NagCi was applied; at B, isotonic NaSCN; and at 
C, isotonic NagCi. The upper curve is the demarcation potential relative to a 
region of the fiber depolarized by KCl. The lower curve is the impulse frequency. 


3 Wilbrandt, W., J. Gen. Physiol., 1937, 20, 519. 
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may mean Na,Ci, by removing Ca**, unstabilizes the molecular or- 
ganization whose cycle of alteration constitutes the spike potential, 
while NaSCN or KCI produce their effect by the potential changes 
set up across this surface layer of molecules. This possibility is 
being further investigated. 

Isotonic NaSCN always stimulated (after preliminary treatment 
with Na,Ci or NaCl to remove some of the Ca**), at a time when 
the demarcation potential went positive compared to that in NaCl. 
This effect is shown in Fig. 1 and can be consistently obtained pro- 
vided the nerve be treated previously with a calcium-removing 
agent. A nerve treated with NaSCN without previous soaking in 
NaCl or Na;Ci shows a positive shift of potential of lesser degree, 
which may be due to the lowering of the K* concentration relative 
to that in Ringer’s fluid. 

In our previous work we have found a similarity of the cycle of 
activity in NaSCN to that in KCl when these are applied after low- 
ering the Ca** content of the nerve. The activity goes more or less 
abruptly to its maximum frequency and then falls off to zero over a 
period of 5-10 minutes. This transient burst of activity is accom- 
panied by a sudden but persistent change in demarcation potential, 
in a positive sense for NaSCN, and, as was to be expected, in a 
negative sense for KCl. 

The period of most rapid change in demarcation potential follow- 
ing the application of NaSCN (Fig. 1) is probably associated with 
the most rapid exchange of anions. Since at this time the activity 
also shows an abrupt increase in frequency with a slower increase 
afterward there appears to be a correlation between change in 
activity and change in interface potential. However, the irregular 
decline of frequency occurs during the steady persistence of the 
increased demarcation potential, and the maximum of frequency 
does not coincide with the maximum rate of change of demarcation 
potential. 

Our hypothesis that chemical stimulation occurs only during the 
actual exchange of ions is thus supported by these observations. 
However, the additional hypothesis that the highest frequency of 
impulses occurs during the most rapid exchange of ions is not con- 
firmed because the maximum frequency does not coincide with the 
maximum rate of change of demarcation potential. The implica- 
tions of this latter relationship must, however, be investigated more 
extensively. 
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Persistent Discharge from Sympathetic Ganglion Cells Following 
Preganglionic Stimulation.* 


M. G. LARRABEE AND D. W. Bronx. 


From the Eldridge Reeves Johnson Foundation and Institute of Neurology, 
University of Pennsylvania. 


If volleys of impulses enter a sympathetic ganglion at frequencies 
not exceeding 15 or 20 per second, each impulse arriving at a given 
synapse causes the discharge of not more than one impulse from the 
corresponding ganglion cell. Thus no repetitive discharge has been 
observed, and there is evidence that this is also true in certain cases 
of synaptic transmission in the central nervous system. To account 
for this it has been assumed that there is a rapid decay of the ex- 
citatory state developed by the presynaptic impulses. The neuro- 
humoral hypothesis takes cognizance of this fact by assuming that 
the acetylcholine is rapidly hydrolyzed. 

We have recently discovered conditions in which the statements 
made in the preceding paragraph do not correctly describe the course 
of the excitation at the synapses. For we have observed a long-last- 
ing discharge of impulses from ganglion cells, following a brief 
period of preganglionic stimulation at a frequency of 40 or more 
per second. 

All of the nerves leading to and from the stellate ganglion of the 
cat were sectioned. The preganglionic trunk was then stimulated 
while recording the impulses in the postganglionic inferior cardiac 
nerve. 

At the lower frequencies each preganglionic volley initiates a 
single volley of impulses in the postganglionic nerve. If the fre- 
quency of stimulation be 40 or more per second the synchronized 
discharge of impulses does not continue throughout the course of a 
period of stimulation but soon becomes random due to the asyn- 
chronous activity of the several ganglion cells. When the stimula- 
tion of the preganglionic nerve is stopped the discharge from the 
ganglion does not cease but the random discharge from many cells 
continues for some time thereafter. 


* Aided by a grant from the Supreme Council, Scottish Rite Masons. 

1 Bronk, D. W., and Pumphrey, R. J., Proc. Soc. Exp. Brot. AnD Mep., 1935, 
32, 1661. 

2 Bronk, D. W., Tower, S. S., Solandt, D. Y., and Larrabee, M. G., Am. J. 
Physiol., 1938, 122, 1. 
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During the high frequency stimulation the number of ganglion 
cells discharging gradually gets less. At the end of the period of 
stimulation there is not a sudden, further decrease in activity, but 
only gradually and over a period of 0.2 to 0.5 seconds do the cells 
go out of action. Then for the short space of 0.2 to 1.0 second 
there is no discharge, following which a certain amount of activity 
again develops and continues for 15 or more seconds. The interven- 
ing period of inactivity is apparently related to the phase of de- 
creased irritability revealed by the positive after potential following 
the period of intense activity. 

It is not possible to say what proportion of the ganglion cells 
participate in this after-discharge or at what frequency, until we 
have many records of the activity of small groups of cells. For 
only thus can individual impulses be observed and quantitative 
measurements made. At the present time we can estimate that in the 
initial phase the number of cells in action may well be 25% of those 
responding at the beginning of the period of stimulation. Several 
seconds after the end of the stimulus the activity falls to 5 or 10%. 

How many units continue in action is probably of less signifi- 
cance than the fact that certain of them do continue to discharge 
for 15 or more seconds after the end of the trains of impulses which 
developed the excitatory state at the synapse. We are, therefore, 
forced to conclude that the altered state of the nerve cells or the 
altered state of their environment is capable of persisting for many 
seconds at a level which causes the rhythmic discharge of im- 
pulses from the cells. 
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Relation of Potassium to Family Periodic Paralysis. 


GeorcE D. GAmmon.* (Introduced by D. W. Bronk.) 


From the Institute of Neurologyt and the Medical Clinic of the Hospital, The 
University of Pennsylvania School of Medicine. 


The older literature on family periodic paralysis contains obser- 
vations which might suggest a relationship of disturbed K metabo- 
lism to the attacks. K citrate was thought by Mitchell* to have a 


* Godey and Seeger Fellow. 
+ Supported by the Kirby and McCarthy Funds. 
1 Mitchell, J. K., Flexner, S., and Edsall, D. L., Brain, 1902, 25, 109. 
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slightly beneficial effect on the seizures, and McCann? found de- 
scendants of Mitchell’s patient still relying on the drug. Herring- 
ton® has recently stated that K citrate will prevent an oncoming 
seizure but will not cure an attack once developed. Furthermore, 
earlier Japanese investigators*® showed that certain substances 
(adrenalin, sugar, insulin) which are now known to lower serum 
K would induce a seizure. 

We were thus led to examine the level of serum K in a patient 
with this disease and have found a definite lowering (25 to 30%) 
during severe attacks. Aitken and Allott® independently observed 
a similar fall during severe seizures, but in milder attacks they found 
that the decrease was less, and at times not even detectable. 

The experiments which are here reported have been conducted on 
a 16-year-old boy over a period of 15 months. Our purpose has 
been to gain information concerning the mechanism of the changes 
in serum K and their relation to the periodic attacks of the disease. 

We have found no excessive elimination of K by the kidney pre- 
ceding the seizures and have, therefore, sought some other cause of 
the lowering of serum K during the attack. The seizures generally 
developed at 3 to 4 A. M., and urinary excretion studies showed 
that at this time the absorption of K from the gut was quite low. 
Furthermore, the K taken in with the day’s diet had been largely 
eliminated before midnight. We have, therefore, concluded that 
such an individual has an unusual need for K salts to maintain 
contractility of certain of his muscles. 

Making up this need for K by administration of K salts early in 
the morning (4 g KCl at 2:30 nightly) has prevented the develop- 
ment of seizures or made them very much less frequent and severe. 
No such effect, however, has resulted from the administration of 
similar amounts of K during the day because it was eliminated 
before being required. 

An attack which has already developed can be cured by the ad- 
ministration of K (5 g of KCl orally), an observation which is 
also reported by Aitken and Allott. In our case this procedure was 
effective even when the serum level was not low. On the other hand, 
several other bases involved in muscle metabolism, such as NaCl, 
NaHCO,, creatine hydrate (15 g orally), and also prostigmin (1.5 
mg hypodermically) failed to diminish the weakness. 


2 McCann, W. S., personal communication. 

3 Herrington, M. S., J. A. M. A., 1937, 108, 1339. 

4 Shinosaki, T., Z. Ges. Neurol. u. Psychiatr., 1926, 100, 564. 

5 Yoshimura, K., Z. f. d. Ges. Exp. Med., 1930, 70, 251. 

6 Aitken, R. S., Allott, E. N., Castleden, L. I. M., and Walker, M., Clinical Sci., 
1937, 3, 47. 
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The manifestations of this disease are almost surely peripheral 
in origin for certain muscles are electrically inexcitable during an 
attack. Attention is thus directed to an abnormality of the muscle 
itself as a cause of the weakness. The facts so far known could be 
explained on the assumption that from time to time some alteration 
in the muscle arises which leads to inexcitability and which then 
requires additional K for its correction. This need is partially met 
by diffusion of K from serum into muscle as might be concluded 
from the fact that serum K falls in a severe attack. The increased 
requirement is not adequately met, however, unless K can be ab- 
sorbed from the gut. McEachern’s observation’ that the intra- 
venous administration of KCl in small amounts can partially re- 
lieve the seizure without raising the lowered serum K could be ex- 
plained on the basis of direct diffusion of the administered K into 
the muscle with resulting relief of the weakness. 

In this patient the need for extra K is more or less constant for 
he develops weakness whenever there is no source of available K in 
the gut. Indeed the urgency of this need is shown by the observa- 
tion that the washing out of large amounts of K during a simple 
water diuresis results in a severe attack. Apparently he is unable to 
compensate for the reduced concentration of muscle salts which 
follows ingestion of large quantities of water. In other individuals 
who have infrequent attacks the metabolic change in muscle postu- 
lated above must occur only periodically. 

The K taken into the muscle during the attack should, on this 
hypothesis, be eliminated after the abnormality has been corrected, 
Experiments to check this point are in progress. 
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Immunological Properties of a Sonic Extract of Pneumococci. 


LesLir A. CHAMBERS AND A. J. WEIL. (Introduced by D. W. 
Bronk.) 
From the Eldridge Reeves Johnson Foundation, University of Pennsylvania, Phila- 


delphia, and the Research Department, Lederle Laboratories, Inc., Pearl Riwer, 
New York. 


Formalin-killed, young cultures of pneumococci have been found 
by one of us (Weil)* to evoke infiltration when injected intra- 


7 McEHachern, D., personal communication. 
1 Weil, A. J., and Phillips, 8S. W., J. Immunol., 1937, 33, 149. 
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dermally into rabbits, the infiltration being type-specifically neu- 
tralizable by antipneumococcal sera. Subsequent experience has 
shown that for a given amount of antigen the extent of the neu- 
tralizing effect is proportional to the antibody content of the anti- 
sera. In the absence of information as to the nature of the active 
principle it was tentatively called “the irritating substance”. Type 
specific carbohydrates alone do not produce infiltration. On the 
other hand, since there is type-specificity in neutralization with 
antisera, it must be concluded that the specific soluble substance 
determines the specificity of the reaction. Therefore, it seemed 
possible that the “irritating substance’’ might be related to the long 
sought complete antigen of the pneumococci. 

Because of the apparent lability of the “irritating substance” 
toward most manipulative procedures, attempts to obtain further 
knowledge of its nature by chemical methods were unsuccessful. 
Recently, however, we have obtained the active principle by sonic 
disintegration of the pneumococci. 

The magnetostriction oscillator used in this work was similar to 
that previously employed by Chambers and Flosdorf? in the sonic 
extraction of labile antigenic substances from Strep. hemolyticus 
and Eberthella typhosa. Suspensions of the bacteria were exposed in 
lots of about 40 ml to 9000 c.p.s. vibrations of sufficient intensity to 
cavitate the liquid vigorously. Temperature of the cultures was so 
controlled by water cooling that it did not rise above 20°C at any 
time. 

Experiments were done with pneumococci of types 1 and 2, grown 
for 6 hours at 37°, and with formalinized vaccines from 6-hour 
cultures of pneumococci of Types 1, 2, 3, 7, and 14. All strains 
used were highly virulent and the cultures and vaccines were strictly 
Gram-positive. Heavy suspensions containing 20 to 100 billion or- 
ganisms per cc were used. All types gave essentially the same 
results and can therefore be reported together. With the oscilla- 
tor we used, 60 to 75 minutes of vibration were found necessary to 
destroy all cocci. Progress of the dissolution could be followed on 
smears made at different times during the treatment. The cocci 
started to turn Gram-negative after 15 minutes. More and more 
amorphous detritus appeared until finally almost no cocci remained. 
Simultaneously the suspensions gradually cleared, assuming the 
translucence of a typical protein solution. During strong centrifuga- 
tion the detritus settled down as a whitish sediment, the supernatant 


2 Chambers, L. A., and Flosdorf, E. W., Proc. Soc. Exp. Brot. AND MEp., 1936, 
34, 631. 
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liquid being transparent but showing a pronounced Tyndall effect. 

This supernatant material gave strong precipitation up to 1/20,000 
dilution with homologous rabbit and horse antipneumococcal sera. 
With heterologous antipneumococcal sera there was often some pre- 
cipitation but only up to dilutions of 1/200 to 1/400. It is not yet 
possible to make any statement as to the nature of the species specific 
reaction, but there is no doubt that the material reacts predominantly 
type-specifically. There was no great loss of activity upon passage of 
the supernatant liquid through Berkefeld “N” filters, and the re- 
sultant colloidal solutions, completely free from formed cellular 
elements, gave typical type-specifically neutralizable skin reactions 
in rabbits. It is difficult to estimate the quantities of irritating sub- 
stances present in the solutions but the reactivity was definitely less 
in the treated material as compared with the original suspension of 
cells. 

The amorphous sediment remaining in the centrifuge tubes gave 
no skin reaction whatever. 

When the active solutions were frozen their activity remained 
unimpaired during several weeks of preservation. Some materiat 
flocculated out during storage, but it could be removed by centrifug: 
ing and was not skin reactive, while the final supernatant solution 
retained all its reactive qualities. 

We tried to evoke antibody formation in rabbits with material of 
this kind obtained from living pneumococci of Types 1 and 2, and 
from formalinized vaccines of Types 2, 3, and 7. Altogether 20 rab- 
bits were injected intravenously with increasing doses for 5 weeks. 
No antibody formation was observed in vitro. 

We have, therefore, a material which shows one quality more 
than the S substance, namely skin reactivity, but which does not 
evoke antibody formation in the rabbit. The faculty of giving skin 
reactions in the sense defined above is evidently not confined to the 
complete type-specific antigen of the pneumococcus, but is present 
at a level of organization intermediate between it and the carbo- 
hydrate. These facts are summarized in Table I. 


TABLE I. 
Stages of Type-specific Pneumococcal Reactivity. 


Antibody 

Reactivity in Reactivity in formation 

test tube skin of rabbits in rabbits 
Specific soluble substance + — = 
‘“Trritating substance’? + + — 
Whole pneumococcus + + - 
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The data presented show that intense sonic vibration disinte- 
grates pneumococci into a colloidal solution and an amorphous re- 
mainder, and that the solution contains a product which reacts pre- 
dominantly type-specifically in vitro and gives type-specifically neu- 
tralizable reaction in the skin of rabbits. It does not elicit anti- 
body formation in these animals. 

We are continuing this investigation especially to obtain the 
active principle in a more purified state. It will be interesting to 
determine what relation it bears to the “conjugated carbohydrate” 
recently described by Sevag.* 


3 Sevag, M. G., Science, 1938, 87, 304. 
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SECRETARY’S REPORT 
April 1, 1937 to April 1, 1938 


Dr. H. B. Lewis has given ten years of loyal, devoted service as editor of 
the PRocEEDINGS. He believes in the principle of rotation in the Board of 
Editors, and asks to be relieved of his duties. The Council wishes to express 
its high appreciation of his extraordinarily fine service, and to thank him for 
helping so markedly in the development of the PRocEEDINGS. 

In addition to the data submitted below for the information of members, 
as well as for record, the Secretary wishes to stress the following: 
Manuscripts. 

1. The chief cause of delay in publication is the lack of designation 
whether a manuscript is preliminary or complete. 

2. Only confirmatory manuscripts which deal with distinctly controversial 
subjects are acceptable. 

3. A sponsor is expected to assume responsibility not only for the 
standards and presentation of work, but also for the payment of costs. 

4. An author is expected to exercise the greatest care in precision of 
expression of his ideas, to avoid gross inaccuracies, vulgarisms, looseness of 
expression and verboseness. 

5. Abbreviations should conform to U. 8. Bureau of Standards or to the 
J. B.C. 

6. Forty-five per cent of manuscripts published were preliminary, 55% . 
complete. Ten'per cent of manuscripts received were rejected, 20% returned 
for radical revision. 

Membership. Unanimous approval of the National Membership Com- 
mittee constitutes election. If the vote is not unanimous but more than half, 
then the application shall be referred to the Council at its annual meeting. 

Proceedings Wanted. The thanks of the Society are due to the following 
members for their prompt sending of back numbers required to complete 
sets of the Proceedings for libraries: Doctors A. F. Coca, W. H. Cole, D. L. 
Fox, E. L. Gustus, A. T. Henrici, L. Leiter, F. H. Pratt, C. Reynolds, C. L. A. 
Schmidt, G. V. Smith, H. Tauber, S. A. Thayer, C. V. Weller, and the 
Library of the New York Academy of Medicine. 

We are in special need of earlier numbers. Members are requested to 
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The Treasurer desires to inform members that in spite of increased cost 
of printing, it is possible to reduce the cost to authors for the coming year, 
viz., 

Excess space and tables will be reduced from 40 to 20% of our cost. 

Cuts will be reduced from 75 to 50% of our cost. 

Members are allowed two printed pages a year without cost. At the 
low price of the Proceedings to members (two volumes a year for four 
dollars) it is not financially possible to transfer the cost of excess space from 
one member to another, or to a non-member. 
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SUMMARY 
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Auditors’ Report 


May 11, 1938. 

We have examined the Treasurer’s report and have verified the state- 
ments therein against the books of the Society. We are satisfied that the 
records of financial transactions are in good order and accurately kept. 

In view of the legal incorporation of the Society it is recommended that 
beginning with next year, and every third year thereafter, the auditing com- 
mittee be authorized to employ a certified public accountant to certify the 
Treasurer’s records. The charge for this service, which is not to exceed $125, 
is to be carried by the Society. This recommendation is for the protection 
of the Secretary-Treasurer and the auditors of the Society. 

(Signed) Homer W. Smita 
Paine EH. Smite 
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DAR TEV APS apie ce a ae ee N. Y. Homeopathic Med. 
SMU OU aie 1 ee Univ. of Oregon 
BAUS Ne eo aos anon noe cs enn csncasngesecesadacenin Los Angeles, California 
ANN yengie. (Cael) Lo a ae ea Uniy. of California 
Pee VEC ia) Ty Ls a Northwestern Univ. Med 
ANBocicion. TSS Ii 2 a ee Univ. of California Med. 
PMC OG WL DIES Se Beth Israel Hospital, Boston 
PSE En, NESE (OI ASS Mayo Clinic 
BAGO: AM Scena ce ae Univ. of Chicago 
LAPEVR bg: 1S) DPUEEN ogee ene ee Mayo Clinie 
Boesoyertsoin, WO. Lay eee ee Univ. of Maryland Med. 
Pei de%, Cciee | Up aE Rockefeller Institute 
PMiGtess oils ISO 8 Ale Coll. of Physicians and Surgeons 
Be a UE NC ose e c= recs nn shove an sb sncnns saneconntaeonn eter anaeeene Chicago, Il. 
EMEC. DUNE 185 a Reap eee See ee Univ. of Minnesota 
SANs Chea aan Ee MESA ON ees eS ypc mak ccb sd enanennescennmveeceesesnenedeoene~ E. R. Squibb & Son 
BEA Veber NAT ORNEL EOD NM IDUPCD ooo! cts accn ena ntncmnncenth ne nene gear an-benecnceacmncneessenecanesees Yale Univ. 
SiNary ed emeeseTMM UTA EVA NEVE ees 2oe ce ccicac an ft cne ance mnenneneeneaseenenrcetessesnensice Springfield, Mass. 
Sie), 11d 0 1s ae sane an eae EE Univ. of aay 
Ansony Mortimer Tii..:...---.....---.+-----+--+ Rockefeller Institute, Princeton, N. J. 
Meera) VG oe ee Beth Israel Hospital, Newark, N. J. 
UMernais trong MATIOS 222 5 25.2. r2<cnns-isne-nessnee National Inst. of Health, Washington 


DINAN cc icsn sean nnnsennennnsercnnnecennentnennnestennnenensnrenes Uniy. of Tllinois 
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SATONSONS Site) el hie sR EN oe ae eae 2a Lae Henry Phipps Institute 
ASC el PR IGANS 21h. RON be Meee ine Eee ROE RM ONE Cornell Univ. 
A SHOr ATCO Hed Ce ne ORS iE eek tet tee Re ee Berne, Switzerland 
Ashman ihichard s:cotue. cen ees tte es Louisiana State Univ. Medical Center 
VAlSTi TG SOI | Vink ce ew ates tnct tees ee cs ya ee Univ. of California 
Atte hileyaril) SuWictest. 2 Au nut le eres ses Presbyterian Hospital, New York City 
PANT SO 5 SA AV oka eee ME ceca © UGS 2d at Cerin a eR Vermillion, S. D. 
AbwelliWiayrievduetecnnc cu oe Obs keline 2 iene se Reet Univ. of Buffalo, N. Y. 
ATU} -) OSE P Hy ies eos cee 3 ee Huntington Memorial Hospital, Boston 
Aner srs) olanies: Ae Uae AS noes oes SE Oe ee eee Pa ‘St. Louis Univ. 
ACIS Eiri Syed arose: 2 ee eer oy a) rele ee Univ. of Pennsylvania 
DANE ae C)) od Mie eae vine SROIEAUE oid Rly tere aln ret Rockefeller Institute, N. Y. City 
TACVeTrys RG y 5 Cee enabled cs texte ak, tees) SS Ae See Vanderbilt Univ. 
ASV COCK, IW ists Tic se etee os oR alg Crd eee cs 2 NE Harvard Med. 
abkans Borie. Pes eee 2 eee Meme te ee ee eee eae McGill Univ. 
Bachem, 'eAllberten cee etd co eee Univ. of Illinois Medical Coll. 
‘Baehr, Georcen evr ete yre cess eee ee etn ot Mt. Sinai Hospital, N. Y. City 
Bago Halsey ie ct eer trance eee eek eeea ee Memorial Hospital, N. Y. City 
Bahirs:' Ailice*s Mcncat oa etree ame OST Ties le ER aeerae eee Portland, Ore. 
Bailey, Cameron Wier vere. eee ees ces eel N. Y. Post-Graduate Med. 
Baitsell SG ear e tA toe erent 2 EA Ue Ny esc Tue aE) 10 eS emerete ee Yale Univ. 
Baker) diilliaa\ Wits 2s Gen net Seed tae thy or ee Rockefeller Institute 
Bakwin, Warey: 240.30 ues N. Y. Univ. and Bellevue Medical Coll. 
Baldiwin, dtranchs «Mister erte oo) ea be et Se Bees Seer Univ. of S.-Calif. 
Balls 1G GEO dino oe Cer ey aoe ei rs ee Fe Univ. of California, Los Angeles 
Bea CEA sf Ne cee ON, ag Vela aie de MAL Ze lee Mee Ml San Diego, Calif. 
Balls; GA Sirs scetes waned 2h age eae cee ee a U. S. Dept. of Agriculture 
Banita,( oA Mises seein arte cor ret eran Carnegie Institution, Cold Spring Harbor 
Banting, Wredericka Ges oo ess met Ne rae eer Ne eee. Uniy. of Toronto 
Barachy eA ine breery setce ie CERES ea 128K Coll. of Physicians and Surgeons 
Barer Neigh 5 aia ith 90 Utes een apa epee enna cat ete en eiar New York Univ. Med. 
Barbour; lbenry \Gt cs he ee ee ee Yale Univ. 
Barer, YA detaide SB sates gf 2 ONE Sea oe Meese os ot set cane cia State Univ. of Iowa 
Barrows: OW ease onto oe eae ee ae oe ee en Rensselaer, N. Y. 
Barnett, ‘George: iy ers ee eee ee eee Le eet Se eee Stanford Univ. 
Baier, UD) ary YP Pee 8 ae Ne ne ce Soe Washington Univ 
182 Wee yoy sie Opto aM. 6 ieee titania! Mesiaiaeeiln ties nen ee epee y eee Ose Na. Univ. of Chicago 
iBarthy: i) Gukise ts ch eer) Loa SRN Fees Sted Nt eRe eee Columbia Uniy. 
Bartlery, 5h cue seme reer EN ee ee Ree see Mace Washington Univ. 
Bass, Gharles 02.05 rc ie ees te cd © es oo tot abe eneee eee Tulane Univ. 
I SF: Y=) ped We Denim ac fee Puce at fe ee a ot ele, ete waco sh Univ. of Wisconsin 
Babess ssa W sc. ere eee Serene nee Carnegie Institution of Washington 
BBY s 07 Sy cpiat eel w Neely a MARR Ei aire pk net eye da nieces Peli Rockefeller Institute 
Bauman, 0uisic.s: nse eto meee ces Presbyterian Hospital, N. Y. City 
Baumarity) Bid eee ee eee Montefiore Hospital, N. Y. City 
Baumibercer): Js Perey co cee steer oe Stanford Univ. 
Baym Ones) Soc ose ec aca keer eee res earns Soon Ze coarse tae Mame tenes Yale Univ. 
154.0 725n Oi 9 (Sg OpROie Seer WR ew ery Ba nese ae tnt ee eras Univ. of Pennsylvania 
Breairas akan SW ctoe ose ek ees ne acer nears rare are Univ. of Michigan 


Beards He Boo ce ccs ce eee penorae Louisiana State Univ. Medical Center 
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Ee Rockefeller Institute 
Cf cc Stanford Uniy. 
PEG ACMA CS S15 SS Western Reserve Univ. 
LEGG ayy 1, Tosca er rr Towa State Coll. 
ISS cesiNey JEG) 7. ls ee Marquette Univ. Med. 
leledsqvatiias “U0. 10), ee cr Univ. of California, Los Angeles 
Leleige Ao assists ee Re Cornell Univ. Medical Coll. 
POM Danna, 1 TD 1s ea ee en ae Boston Univ. 
Leylioniniyg, NG tlc coal NC Univ. of California, Los Angeles 
SEES Tm a me es Seas oneal cevsenseceouseumeee Columbia Univ. 
Tati) (Go | ane ti ae State Univ. of Iowa 
Brewery latanramm ete eet eee New York City 
Lorre Si COVEY 8 ss 2 ee Univ. of Illinois 
Merry, WE Gh 18 rr National Drug Co., Philadelphia 
[deere NON. oe rr eee eee Rockefeller Institute 
Javaaalesyeoky 2230; ) 110k Ce cer Lenox Hill Hospital, N. Y. City 
dgyer Le ILS Cees Set i ea ba oa: Univ. of Michigan 
Meyers (ETS 11 6 ee a a a ee ee Univ. of Rochester Med. 
ISERIES? ic ce Hahnemann Medical College, Philadelphia 
Lavteivene | Srv 72 2), hr ran ele Univ. of Minnesota 
VS C6 So Mead, Johnson and Co., Evansville, Ind. 
Lene ori din Ch American Med. Assn., Chicago 
Msproregse, (Cue) NA Sb Rockefeller Institute, N. Y. City 
Binkhauceeicommade We... -......,-..0s--c-n-0c-c:00- Geophysic Institute, Bergen, Norway 
PEsTTatay es. CONES, Ta el a a ea er ee ee ee eee Webster Groves, Mo. 
PEPE 0s |e 0 LI Seager e Univ. of California 
JN Rye IR. 1 oa ee Harvard Med. School 
Wellies Void 1) So Hospital for Joint Diseases, N. Y. City 
LEP ea ceo VR NRC aa sacs ns necnsenbepie np Stdsvedencanacuststsnnccaseuestmetseen Yale Univ. 
Blakeslee, Albert F.....Station for Exp. Evolution, Cold Spring Harbor, N. Y. 
GCS ACE G ht or ee ee Vanderbilt Univ. Med. 
Blatherwiek, Nommlant Fi.2 1s... --..-2. Metropolitan Life Insurance Co., N. Y. City 
Tele ih, Noni) Pehte 1S Mee ee Cornell Univ. Medical Coll. 
PEAS beg) Th Uk Stanford Univ. 
DSN Soy CLO RIY oe Ree i ne Tulane Univ. 
(22 e hy, Liknearely (Ce ee Univ. of Chicago 
[Sikeisc, [vicibviees | ce eee N. Y. State Psychiatrie Institute 
DES Ress in UE Se eo oon adn b ep cnc cen sedacnwaecptntenentnntcbstiver Univ. of Chicago 
ERG p er) 20 1D ee ease Stanford Univ. Med. 
Ee Univ. of Rochester 
UE Rex Ora RA EL ee gn nace pnt n on ssnensbtnetnnnnteence Univ. of Minnesota 
I EIN Hoo ocSes ce eens n ne ncenesats nce cncvennonescenscesesedacn Univ. of California 
Po pnryetie 12) bie UGS Nee Beth Israel Hospital, Boston 
DBayltc. Gan siare) DCU: oe ST Ss ne Oe eee eo Marquette Univ. 
ee eee Hospital for Joint Diseases, N. Y. City 
beta ha sto) A 5 ee John Sealy Hospital, Galveston, Texas 
ee een New York Univ. 
[GG ArS 0). 2) sce Se State Uniy. of Iowa 
Bari toes 1000 fae ol N. Y. Univ. and Bellevue Medical Coll. 
aaNet cee n nance am nese onn nme tnn mene enentonee Olive View, Calif. 


PRES OTe SE 1S Le ee ee Colorado College 
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Bolimnartin eGsej nea uect aoe lene es 2 ere am eerie tee oc Mayo Clinic 
D BZeYON ps mMs IE Koha IN) SCoRLan Polao eetatta ane ease netaleen GBS ANE MUNA as Ero a hepato Univ. of Chicago 
BoothbiyunvWalterc Vw ye hoe eke ea Kahler Hospital, Rochester, Minn. 
Boots wi alp nme) icin. ale nye Presbyterian Hospital, N. Y. City 
Borsookwperlentyac eit ee ie ee a California Institute of Technology 
BO Wel Bi Dis cas Ah ee he A ein ee Buffalo General Hospital 
Boy ce pH dom UVibr 2) eeu ry eee ea alate lee Queens University, Canada 
Boy UDR Gos Bice! bates a te hie ae 0 Oe A Loyola Univ. 
(Boyden, iy Avra 275. | oo 8 ovale A Genus Sea Univ. of Minnesota Med. 
Bradtord, > Williant Wied ek Ee a ee eee Univ. of Rochester 
UE5 Ko | Penigheel & BPN Opiate nce eye ee ore SNE eee ia beeae ne Peek Univ. of Wisconsin 
Bratid ap bir wines eo ee ae yeah een N. Y. State Psychiatrie Institute 
Bram aaeens aca gly een eke eee National Inst. of Health, Washington 
Brewer, who pert Klis een einen oe ae eee ees Syracuse Univ. 
Briggs st WA iy Pye eel Berean ret bere eek Tore ee Univ. of Georgia 
Byrodien Manriceitents ie eee eee Pe Providence Hospital, Detroit, Mich. 
Bronienhrerin en yg ast see e ec ee berber ee OUR ee aR eee Washington Univ. 
Boronic ID Vi Ree Meteo a EI ae ae ohne 2 St Gk AEN eae Univ. of Pennsylvania 
Brooks, (Oly dea shine se ee oe Louisiana State Univ. Medical Center 
Brookes Watil dia gio x23 eee be Ss ee eee Univ. of California 
Brooks! Sis Cs 225 ce teed nie et) 1 SR SOA oT Ae Univ. of California 
Bron 3G sO ace Ae oe Sa eiee  Se  e St. Louis Univ. Med. 
BLOWN) od) MELO wand oe one heey ee Sie Sy Johns Hopkins Univ. 
Brown: dio his Bey ark aen 3k Uaed g eee Ohio State Univ. 
Browiny Layee ee ee a ee Transylvania Coll., Lexington, Ky. 
Brow, Rachel 309 0) ae eset Bas meat N. Y. State Dept. of Health 
‘Brows )Wiad Grilles 2 eae See Rockefeller Institute, Princeton 
PSPO WIG) Die! spelen eA As Re eds Royal Victoria Hosp., Montreal 
Brn ger’: Wiarir Cosette ees MUU Bes ree ee Ce N. Y. Post-Graduate Med. 
Brurischwig, Alex amd eri rca a eee eee alana Uniy. of Chicago 
Buchanan hopertelis seo sees oe hae a vente eee Iowa State Coll. 
Buchibinder 5 Web Cee atorm ah ee eal ore Michael Reese Hospital, Chicago 
TB re ulM earth A cee ae TE Ee Johns Hopkins Univ. 
Baler, Ae eee ee a eed eS Ba or rn 
Ballo yy Revie Gry Niece ee ee ee Harlem Hospital, N. Y. City 
USS bol srk dam OPI a A a cipal Ue RaRere RI MLN oper e Ame USHER URE RoR AT YL Univ. of Wisconsin 
Bitaibirte RAW eee Be eA Univ. of Michigan 
Barohy Jolin Cocks elie ee de ee eee Vanderbilt Univ. Med. 
Burdon Kerrie thi [jeunesse a eee ace Gee Louisiana State Univ. 
Barre eg Gh eae ae alu Ladd ence Univ. of Oregon Med. 
Burky lar D2 es ee i CS OS cern pe sper dant sna sneaaee Johns Hopkins Hospital 
Burns) Robert: cS tes cxt Ae ha ae aan sahara saree Univ. of Rochester 
Burr? Gear es Oc cl ae ie ee at coats ale ts EST eee ree Univ. of Minnesota 
Biren aro eS pee ie ea ee Sa ie, Bd ee eee Ae ea Yale Univ. 
Barrows, geese a Se Sd asco tice a aiwatee Pasadena, Calif. 
Butteliene it ee ae ict es EIN OAC AL nba neta g ss pet een deen Hamilton Coll. 
Boratitige His IM oe ocean cee erecta pete seeeesueoaeavace Univ. of Southern California 
Bits; TOse pS La es oe cateaee con tahaerenremeectiys Univ. of Southern California 
Byerly let Ce ee ee U. S. Animal Exp. Farm, Beltsville, Md. 


Byrne; Jdosephee i 6 ous ee ae Ue ae eee oh ce teen Fordham Univ 
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(Calkins, CSUR OS consastideen eceeenl tet eee ee Columbia Univ. 

CEEVSAVR AT, 2 ALU SA a Univ. of Manitoba 
(Celaya kit |r N. Y. Univ. and Bellevue Medical Coll. 
CAPER AOE, | IP rll 15.90 Se a Univ. of Chicago 
ee Harvard Med. School 
CORUM 5/3102 1142000 cr Jefferson Medical Coll. 
eo ccna rence eencnntecvenie ucbaceearsesebeneesevsane Marquette Univ. 
CH Gavi ks Uicdchieee pe Univ. of Chicago 
ORNS GOR) | 15 1S), eee ee ee ec Univ. of Alabama Med. 
(Cem On|. AD cue ee Uniy. of Rochester 
(CHR Sie VA) Geaiy Ui al St. Louis Univ. 
(SHR E. igri) 12.0 Gs rc i ee Univ. of Virginia 
UI Cg TUK DIL cesta ea re Univ. of Wisconsin 
ROS eetl) JU ol CS esa ae Cornell Univ. Medical Coll. 
RU eU UT ett ue PEN eros cache Senadeneennensnntsntcesteochaekasussadvecese Univ. of Toronto 
QERIEN Ny Wisco rr Cornell Univ. Medical Coll. 
(CED Ye eG) | thy, 1 cA a cr Fordham Univ. 
Chace, Arthur F................-.---.--s------s0--0----N. Y. Post-Graduate Medical Coll. 
COUPE AG Yt) 10. be. nica rr Univ. of California 
GUPGN Daisy |S DB ine Se cc a New York Univ. 
OUIEN TASES) V7 1 8 re Cornell Univ. Medical Coll. 
COI QRS Li is) (DAVES, hee Peiping Union Medical Coll. 
GHEG ENE 18D AO LEY OU ee Hunan, China 
(Gleingegsnid) | SV es See Coll. of Physicians and Surgeons 
COUN opie Tle acts ea NR ee New York Univ. 
(GU GI 1S Central Hospital, Nanking, China 
(olan, (Coun cnr iN | st a Peiping Union Medical Coll. 
hie IA US Ebi Lilly and Co., Indianapolis 
(leet, WY. a no Peiping Union Medical Coll. 
GIRS Nii Uo LE cece Soc ene Long Island Uniy. 
COMM SiiGie, Lh, | BE cc Newark Valley, N. Y. 
KOPaGL {01 oes easith  c e Stanford Univ. 
CIR ein tL, Tied alan cc cc Yale Univ. 
GIO. SS access Slept et ne Univ. of Colorado 
ORG TE La cc dle cee a Peiping Union Med. Coll. 
LOniersigunciae sh UE (2) ee aE nO eee St. Louis Univ. 
DNs 18 US ch 0 Peter Bent Brigham Hospital 
CO te yee ETE JEN oi a Univ. of Michigan 
COST Te oo Ae A Peiping Union Medical Coll. 
(indy so), ee University of Edinburgh, Scotland 
OE ee fav) SS Coll. of Physicians and Surgeons 
Ci ferntcy (Eris Vga ae Lederle Lab., Pearl River, N. Y. 
Wee ee non cacannennestncbatnosnedcvasatasacnscs Univ. of Wisconsin 
CO) ordi) Trost Coll. of Physicians and Surgeons 
COLES GY os oe ee Rockefeller Inst. 
SIPS ree oa Sn Univ. of Colorado Med. 
ES Strong Memorial Hospital, Rochester, N. Y. 
rr Univ. of Minnesota 
COIR Yo O18 pc) oS) it a SS ree Stanford Univ. 


Es a) ae Eli Lilly and Co., Indianapolis, Indiana 
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Co Gaag VAG II oe nn EVE Bee eel) Ee seen ad Se eR cee ee de Oradell, N. J. 
Cogmestisll iis Dike irs 54 Sea oe ee ee eee Rockefeller Foundation 
Domi IG Benet terete eee ee Ce Ee Gainesville, Fla 
COHEN Brits x osteo eer Ree ee Johns Hopkins Med. 
(Go ean aarti ae Ge aes Ae at ee N. Y. Post-Graduate Med. 
Coben, oviilion: B.... iota nat es Sse ee ee St. Alexis Hospital, Cleveland 
GOA gi Dial Se Ns © Creal Baier 2 Rockefeller Institute, N. Y. City 
Goin, Bist adores. koe ee ee oe Ree New Orleans, La. 
ONTOS ATE Ae ae SI ee eR Univ. of Illinois Med. 
Cole. 3B. Sea. ene ieee nS RANE SN ile Renee RO Le tere Lek ee cee Williams Coll. 
Cole, ds Feo) (IAA I eee a Ben etal ain see Stine Univ. of California, Davis 
Gol es Big dear een hee cee nee eA EES A ne Univ. of Wisconsin 
ColetRiutus! 15 282 oe ae eave Rockefeller Institute, N. Y. City 
Coles” Wiser era: Ei 20 2s ther hs, OE ee ree oo Univ. of Illinois Med. 
Cole; Wallan Hie -)20 gett ees eee eer Se Rutgers Univ. 
Coleman) Warne meso x. eee ee ee New York Univ. Medical Coll. 
Collens; “Wallan iis 2a see ates eee dee aetna Gee ee Brooklyn, N. Y. 
Colle tii, Wier: Tepe Se hcg ater he eo Pesce eee eee Western Reserve Univ. 
Collins: UD Pa acs od trek cee eee ea ae ce RE death Mee War MAN Temple Univ. 
Collter:s Walhiamag 1) seevrcceeece = St. Elizabeth’s Hospital, Youngstown, O. 
SV ose) [an § era eee va ae eA pueenney anna iain Ao eee MeGill Uniy. 
Comp ere; JH. Latico ee eet eee eae ee Univ. of Chieago 
LO 76300. Wg OS 6 ae ee wea eee eal Roy eee Ace ae Princeton Univ. 
Connor, Charles jute, sree seetentt heehee eee cr es eee Univ. of California Med. 
Cook, Donald: Hie School of Tropical Medicine, San Juan, P. R. 
Cookees Sin Vigeecn kee eh ok ee ees ces ec cae nace eee Washington Univ. 
Goombs, Helen iQ ore tes er eee N. Y. Homeopathic Medical Coll. 
Cope, Os VRS ae arc rae at pean ee ee eee N. Y. Homeopathic Med. 
Gopenlavier, Wis Mion spacmnpcsenenstngsanttcinesnsnsennasethaoveasenybonacsctnorthnee Columbia Univ. 
Core yg SRS Ta so Se aS SS ee eres su tsatee Senta ch ree Univ. of Va. 
OY, CAE Ls Ree Cen ee Saad ce ec race Washington Univ. 
CorleryceiRtellpa a Qe Ee eee ace Se ee ee eee eee Purdue Univ. 
Corner) (Georg es Wi 5 sete e centre ee eae tenerncetees eaex Se Univ. of Rochester 
Gorpet abla) cient tee nce National Jewish Hospital, Denver, Colo. 
RA Be is a EA ed EE NE BOT em NR oa OREN N. Y. Univ. Medical Coll. 
Coutier, (Calvin = Biccr. see Se ee ot ee ae Columbia Univ. 
og Wr Vag eV a re a srg nearer ee ak ret Raveena eee Washington Univ. 
Cowell, George; Bo gcccg as. satan tinct eane en senn ene eu neree pee teh mrt nbs she Le 
Ghote IDI Ge resetting ot neon ected eer oat ee cao erases Univ. of Michigan 
Cox,>blerald: Ho. wele ee baten U. S. Public Health Inst., Hamilton, Mont. 
Cox, Warren Majo Jr ncn oe cS certs cpemnemoese dees tan eetbes Mead Johnson Co. 
Ge en Cie | Pesci ian Mei Ee ies Dean eee shoe ate she at he ert Tulane Univ 
Cran, Wiloise 25. 5.2. ccetecnsaen cereemetariceanire ats Nat. Inst. of Health, Washington 
Crampton, C. NW hate bo ee eee oe eae eaneees N. Y. Post-Graduate Med. 
Cranial Mets As ped cect coca a ee tl nt ae ee Northwestern Univ. 
Orla, Georee W «oon... -ce-n-ans-cececseeen scot snoronssece desu sentanenensnenzone Western Reserve Univ. 
Crittenden, PROCDE J. encontrar cee eet George Washington Univ. 
Crohn,, Bartill Boece tn cnn rntee te nese ee Mt. Sinai Hospital, N. Y. City 
(Csorke Hi ge cece Sete U. S. Dept. of Agriculture, Washington, D. C. 


Callen, Glenn Hess. (eta te merece Children’s Hospital, Cincinnati, O. 
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I 2 oan ne ean pens ap dene odevnnevanstunscavengevenesnsaceseden Tulane Univ. 
geod ac craves sedans evasive tavde cor cnecesavivedleccen: Duke Univ. 
RN ooo enn sce ncvndiononisetenecnvdevncensetenereate Albany Med. Coll. 
a rg hh aca enas into en caccwcnacscensnnennetelevacsaceneesenessace Ohio State Univ. 
8 oc ahsnenceacmenncn cc enenrcncnnnconecoeveseeeeeectcnedae Columbia Univ. 
(Guntyes 1 aay: (N.S a Yale Univ. 
Cnrg Bre tall Ch, ae Peter Bent Brigham Hospital, Boston 
Dx cbse rene icetacenenannenencocpsnpsinns Univ. of Chicago 

IBMT TU MMMI MMOLE i a dass bangndiehocle od onnsenanoluoss: Ossining, N. Y. 
cease necun ha cvnnenscencccenosnesnsedencrecnnpadvececcens Univ. of Denver 
IDSielivoxd ley, (C103 165) 18 ES a an Stanford Univ. 
iD sta pen mS ee neds th snencendnsvscetadesetesusen: Univ. of California 
ADVTS sheen essence nccaduceetenessnsnettes soeessnndabaycetenetace Univ. of Iowa 
ogee, (nies N. Y. Homeopathic Medical Coll. 
TPES ANG Com ease nt coonncaneesendncenscencsecctenesdenes Uniy. of Liege, Belgium 
Davenport, ©. Bi. 2.....:..-..: Sta. for Exp. Evolution, Cold Spring Harbor, N. Y. 
JDesyerererei), 1, WAN. oe ae ee Northwestern Univ. Med. 
LUPRGME, 0). 2 oy ccoc stat Wilmette, Illinois 
DEMS) WL ook POO ESTED Oe Univ. of Chicago 
DAS Cet ys) AN, oe Coll. of the City of N. Y. 
TUG yen, ML, 18 eee ae Columbia Univ. 
TOE EtALDS laa ee oh eee ed Univ. of Texas Med. 
OY AY ge EE eo ona cscannanecnnnenanndeendccesennrcncs Northwestern Univ. Med. 
NON» Len el) Lope ioe 3 a Uniy. of Arkansas Med. 
AGC PANNE CON geo 5c aosasc cance soennneanenenesentvannoencatenaace Louisiana State Uniy. 
Pes cd rad PP 2a acne aden eccactotdennncesncetesabconenenssnosvnsucs Stanford Univ. Med. 
IDS Grats. ek, (Clo copies en N. Y. Univ. Med. 
Ue meegte ly 1d) VN So cea Amer. Univ. of Beirut 
IG gee epeiy (GS), 1). eae Univ. of Pennsylvania 
VOYSS eo. 13 ULES CUE ae New York City 
Tate le Se, Eh a 2 ae Columbia Univ. 
Whee, (2 sia wl de Se a ae Univ. of S. Calif. Med. 
VEER, G2 800) 1 cet ee Univ. of Chicago 
Ne oe occa ate nec ecneecnennnntnessnnvenvensnnten Stanford Univ. Med. 
EEN tee st AAO NES oP Sn soar ens gene nacncnncnancetatenndsvaecsarannesaze Univ. of Chicago 
NOsGyieeh 2 |b, Massachusetts General Hospital, Boston 
Tere pm NCIS WEG enn av scan vavaenencersececessneneassensabescenee Peiping Union Medical Coll. 
PDO cree RNP esa a a pchcenensitca snes ance cinncecversenenansot os Ohio State Univ. 
IW. No iter Presbyterian Hospital, N. Y. City 
Payee, VN oo, Se ee Stanford Univ. 
a aoc ncn sedan ncsn ewe enact nen eens cnenenennne St. Louis Univ. 
AINSI ey OV Toye TTR See Univ. of Buffalo 
BNostivea nek) ke oe ee St. Luke’s Hospital, Cleveland 
Se eee eee Univ. of Chicago 
TLS soit 2), {OL ony ates ene anaes oe anne Univ. of Pittsburgh 
Ce eee Syracuse Univ. 
VD Ye Sp ea a Western Reserve Univ. 
WOyoa ee Oa EST VS 2 SS aan eee a Memorial Hospital, N. Y. City 


i ae Uniy. of Pennsylvania 
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Droste dear Camliy Ave o.com ele dean euaehh Went int: Northwestern Univ. 
Drarstenh Muesterakt: fee cease kun ie Aeon oer Coe eer mere Univ. of Chicago 
DICER PRAODLES. LOW soles cited. toedwd tuapastss ag thaccd ee emcee a eS, Columbia Univ. 
Draperss William Bee caer ei ree eee en ane et Univ. of Colorado 
DDRES bac nN Ic eee | foot te esr ate ee re a eel Albany, N. Y. 
Oly igi eye) 1 Se caee eee Ns eS Enos Pe ea eee hl Univ. of S. Calif. Med. 
ASEM WEL ANY. Dirac ete ee eer aE NS he ace ee a a N. Y. City 
DnB ois By ae. Saeed Nas eae eee Cornell Univ. Medical Coll. 
UVES O15 pS eee ae ee ee eee eek er ge RO Oe Hartford, Conn. 
UD juticcgi basil appt tt ieee nore Minch so Mame, Sea ince aE Aware TE Univ. of Wisconsin 
Dress TIES ENE: or ee Rese covey Re ae eee eect ao na Cornell Univ. 
Damin Me Sie wie tes cok are ren ek as re ee a ns Columbia Univ. 
JB pynra Vig Bob cama sail Ae 2 ee Nae naire oe ae Raia Univ. of California, Los Angeles 
DYES eAS MON ATEN OTN Ope dace me aprerte ners aN eee ree a Rockefeller Institute 
Dusseride «Barennies dis ie cscs cs toes eee Yale Univ. 
Dibeher, WEVAPA ASS iss ee pee. crete need eee Pennsylvania State Coll. 
Bytaval ih ReA WUE aoe NOE eer LD ae OR ea ee Tulane Uniy. 
DuniVaeneaid sy a Vin een tse sssec cher ee oeceraey cae -k oe George Washington Univ. Med. 
ID ye, ye) OSE) MIA oer ree ee ces eR Ree eee Cornell Univ. Med. 
Diver,” Ebelen aM se oes forecasts anes eek eterna George Washington Univ. Med. 
anlesm Walton byos yo eerentn a eerceee ee National Inst. of Health, Washington 
TEFLON ERODING Oren tie ae tee Meee RC Sac Johns Hopkins Univ. 
Bibersonts. We deri char secre. ree coco en aceon ae San Francisco, Calif. 
DEY Se) ops) gga) Pe Sh ear er ems tenet eet Lt Re Western Reserve Univ. 
Bekstein: VE enrryss Cree tees oes gee toe eee ets eee Univ. of Michigan 
IBY ys WW ell tere Eee ae ceca ne sec See eee Columbia Univ. 
BETS h sey a 6X6 bei @ gah) cet Nae hae te ee pREE eee eee SUMO es 5 denen Marea Uniy. of Michigan 
idly 8:5 1) areca ie ese eet ete see te eeeces teen ee Cornell Univ. Medical Coll. 
Plies Se) AYN Fon cect crew cape ates SE chnny see na oe a eee nn oe Univ. of Buffalo 
Weston, PAMdre Wa Als sco ee ets N. Y. Manhattan Eye, Ear Hospital 
WDD pes Was Kee Me Bie a ce aa en NPN Se he SRN aR Univ. of Missouri 
Mlshere: (CharlesnAc vk. tie See ees aa Neurological Institute, N. Y. City 
BDH Er mia | it! SWIRL deta Ae pian nea aha PN SRO RSS Se Ph? Cornell Univ. Medical Coll. 
J Dpar(SpesGt tig Eis GA be ceere tes eae s toes PaCS cae ia eerste West Virginia Univ. Med. 
UDb caer eye) MEN) 0b ae at ok i epee tree terre eee CO ScLE Uniy. of Buffalo 
Birnere, Vip AE a eh ee, eeepc reser Stanford Univ. 
Dye ees dle LON Ss oe teen eer ee ee ea aceon hey eee i pater Harvard Univ 
1 ye, 1g Fae SOR WeRarEt Apme BRO henna artes Wormees a naumer ye enenrr eu [testa aes Columbia Univ 
Dip) ead ce epi Uy ec ES 2 ees ce nce ener Mt. Sinai Hospital, N. Y. City 
Wiplangwery pe OSC ps esse enc sce say ease ess noone seaeeeee aoe ee rete teas Washington Univ. 
Weriistese,. Arthur (Cl. ee he ee eee Cleveland Clinic 
IE ese wots ESR era yee ne eee me eee eee ae ee Mayo Clinic 
Ry yATas ALi Ge Cee neens secret eternee cesta National Inst. of Health, Washington 
Wily ris Gea 8 oo baste eeepc renner nce eer aeat een ene tesepee denied Yale Univ. 
Bivansillerpert: Migs Sites cere age ree Uniy. of California 
[ig ass te eee | eee Ney Rimne ean eh Cr bot earn ere Univ. of Oklahoma Med. 
Bowing, Jame.....----..----e-c-on-cecceensseneensenecesnsenenennennes Cornell Univ. Medical Coll 
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Faber, “Sheep! kid Sa eee oe ae ee ey rae Stanford Univ. Med. 

TB) CARNES DS Se ae a Univ. of Minnesota 
TRC 1 Seen ticle sl ee al ne Washington, D. C. 
BETAS SER COLE een aera nnn cms ne hcnamennmente cnc wonentncenenvtns N. Y. Univ. Medical Coll. 
UNSHL SRS TDS thera C1 18 in Ne ne Univ. of Illinois 
Ne St. Luke’s Hospital, N. Y. City 
TRPshedie COL Se ae ec cee Northwestern Univ. 
INS justin S208) Of ie eae a eee oS PE Tulane Univ. 
TPAD ER ohana eee cites Univ. of California, Los Angeles 
LETS STEN CNG ccc eee ea oes Western Reserve Univ. 
NE ae a Peiping Union Med. Coll. 
TS ern ic 2s OEE en ee Univ. of Rochester Med. 
Bos ee ere Univ. of Michigan 
TESTICLES. AY ao Ohio State Univ. 
ye As) N. Y. State Psychiatrie Institute 
ac eo a ee Harvard Univ. 
Naa saa anne sedate en enc cette teamesannnneanstv inns Stanford Univ. 
Rie 10) Toy dibiunca ot ec Univ. of Maryland Med. 
TENS UL. She, can no Se a ce ce Battle Creek, Mich. 
TEs. NY. USL lA eR Johns Hopkins Univ. 
Lee )rer:, GUN CRi CI ek ope Kopenhagen, Denmark 
TES Oba) 10 cote rc rR eae ee Medical Coll. of Va. 
TDieao, GVA) 12 Cac Univ. of Cincinnati 
ee Beth Israel Hospital, N. Y. City 
DOTS (0 LE ro ee eee Univ. of Minnesota 
Ee Peter Bent Brigham Hospital 
DR nai con ns eensnc sce nntnsccnrtneicsbeccretdneonnntowons ate Univ. of Toronto 
iter shies: UG) 90.? [SS hh ee ee St. Louis Univ. 
CE 0 Se Columbia Univ. 
ec a ncn rst omenncnemenenenshnraisiannnsvotonndans N. Y. Homeopathic Med. 
CPU Tpata RiP IO eon. enenenennenncnavtnsnenesescnsenyeetenee rsd Stanford Univ. Med. 
eee Milton, Mass. 
Ce eee New York City 
PS 1 Peiping Union Medical Coll. 
PN Noe on nert cmc cncnctnseneeneesemeneonnomnsivonerte Columbia Univ. 
ee eee State Univ. of Iowa 
A ee Seripps Institution, LaJolla, Calif. 
ee Rockefeller Institute 
Throng sc" 297) VU A ee ee Mt. Sinai Hospital 
EE ee en ere eee St. Louis Univ. 
SS a Peiping Union Medical Coll. 
Oo ee ee ee Western Reserve Univ. 
TORS 00) SSS ee New York City 
ee ee Boston, Mass. 
Teta eto | 5 3 ce ce Univ. of Utah 
Ca Cornell Univ. Medical Coll. 
a Univ. of Copenhagen, Denmark 
BFS SoU TOR ee rere aed ca asc ovnnnn vse ewesnosenriem nnn sercsenennsvenehe Univ. of Chicago 
pe Eee eee Univ. of Pennsylvania 
On RRR Taconite mmeomnrnnme rm ecrpmnsrireneemeecnennnnenctca vas Baltimore, Md 
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BRO rt ee eae ee ke ee ee Se ak a ia Yale Med. 
Btu lec set Ghassan 2 ea pass La 6 el ae a ea ER Paris, France 
Purthy tua copey ssn thw ntaiaes ea stany wdlabon acunen au Cornell Univ. Medical Coll. 
Sep lope O NEL, sires ent oe ee eee ee Henry Ford Hospital, Detroit 
EC ECH AE APD: MiNi ant: Corte ee some teeta Mem Bas uN Yiebihe) be THe Tulane Univ. 
Gacer OS cnart cee see a tial ee a MeN ds Brooklyn Botanie Garden, N. Y. 
Gallaher fT Hee tof Jere tS 6 Sie vb ee au le Univ. of Chicago 
Gamble, Sames glaiecet ie Wei Was ul av beam ane Harvard Univ. 
Garba tel ralva nig eles Vas Suna Lenox Hill Hospital, N. Y. City 
Gardner® Leroy, cee nee eee aay Saranac Lab. Tuberculosis 
Grardinery Weill arin U ce ee aac se eae aes Yale Univ. 
Garre yay Walter pile 25 seeks hs A 0 eid eh ee Vanderbilt Univ. 
Gaskell ecJiolinn His sat yo ate Os ee I oe ae ante Cambridge, England 
Gasser. -Lrer bert s.1us ease atte Bar Se le a ee eee Rockefeller Institute 
Gravina, salto toe bie ees Ue keel teed as lr etter ee New York Uniy. 
Grays eB se caN ie MURCenG settee One teas Sa Decies ulin het el Maney eRe Columbia Univ. 
Grenemier Hsp EK e, SP cee a2 pees 10 gL oct oe Univ. of Chicago 
Geist, Sanrio) ely eee cee epee ek ae enh mL nel Mt. Sinai Hospital, N. Y. City 
Glelarie, vA rnol dic) cess et oe een ON te ns OS eee cae New York City 
Grell oem Hirer s tae te eee eee eee gs Univ. of Lllinois Medical Coll. 
Gremererrel In relir eAr eee rr Oe an ene ee Univ. of California, Los Angeles 
Grevenr 2 ic AW is ect Maa I Dea ee re One ne ea Univ. of Chicago 
Gerstenberger;) ELV i ieee ee es Ss coat Western Reserve Univ. 
Gesell i Riolbe rb Ai ier tae a0 Va ae eat yale op We ae ne Univ. of Michigan 
Grettilers sch. Oss ee AS ee ae nL Sous ase N. Y. Univ. Medieal Coll. 
resyieliras TEs) RR stereo Ves eNOS Eee oe at NES ns ee ee ae Columbia Uniy. 
LG H0] co Fam Ohi Pre eco oe eap iat SUN av tuo OR ER IEEE te SUL Corda as Univ. of Tenn. 
Geilo sora 0S eae ere EIN a HILL oe a State Univ. of Iowa 
Giies,, “Wralliaalsjcgee eek 8s oS ote es eke te ale ee ent Columbia Univ. 
Gilehrist wl raneis we ee os eee a ket ee eee gee Riverside, Calif. 
Galligan iD) oro bliy “Risto encase wnat eines areal Beth Israel Hospital, Boston 
LG pi bevtatey) PeNUB EY LER 31, lle: bey aes pe Aaneod BSE eee ee OS oc ENA shar Yale Univ. 
Ce Si crap SOM: WO CUR Seater See migeebe dates Ae sone URE one nes Washington Univ. Med. 
GipH ems ARS oe ee Sade ee a eect eee Mulford Company, Philadelphia, Pa. 
Givens: Maurice lye ae 8 ey ee eee Northwestern Yeast Co., Chicago 
Glaser) OPO Oo oa oe re ed OS roa rae Seca eae Amherst Coll. 
Gel aissery Oto gee Re EO ae se UMC eee Cleveland Clinic 
KO be) yal D Yenbene teh ees tig un cee nee aa eA erecta Beth Israel Hospital, Newark 
(GOR CES EH gsi) sate ON scree ree ea eee et Ne eee Pe Columbia Univ. 
Grolld,3) Higirary: «he Wr aeeenbena we neene Nee eee et Cornell Univ. Medical Coll. 
Gold bere Sipa esti sence care eter oi Presbyterian Hospital, Newark, N. J. 
Grol Vertis Miele ye ec stag eee reece eee eee cee Western Reserve Univ. 
GoldbloomiyiGAw A Werns ry see ee eee Beth Israel Hospital, N. Y. City 
CE Po) Lobia ayy AYE Hey ce eer peepee net crescent eee ere ee reel Floral Park, L. I. 
Groldifedersy Nain eee: eka, ee nee a cee tee eect nee teas New York University 
Goldfarb, Acids eie Nee Sak Pe ear ieasen canta Coll. of the City of New York 
OPN Re bgt aveays hice We Maciek eee teat eae) eae oa a Ge rl cata N. Y. Univ. Med. 
Goldschmidt Richard 2to: ioe sece st eceeenet cee mene cesags earner antes Univ. of California 
Goldschmidtiw Samuel see eee eres specccerncnetatet neces Univ. of Pennsylvania 


Groodamana, Wis. s hos ib sat sects sce Li seedcechatceat es tiv acecenzssennacesestspracenncsaannseaarau Yale Univ. 
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(Gesou 0) MGS Vie 0 2 Ee ce Rockefeller Institute 
(ERUEIINE 1c OA See ap Univ. of Minnesota 
MOTs ese OM VINEE REO acco 2s occa concn dn cnaddedcabatsubdecuccdisccuneceeatecd Columbia Univ. 
Cake (Sleigh ee a ee ee Univ. of California 
eae VC a Cornell Med. Coll. 
NARS SR Sede EEE BBE Pete os oo ace ccasda sana dandasnensenneasdecte-aciesns Univ. of California 
(Cnipittuins Ub -antey VTS SS Sl i a cea cee Washington Univ. 
Se Washington Univ. 
OTE CS me eIEE VN fete eo sancakcceneasacenencsncentanenaceussceessee St. Louis Univ. 
CRETE a eR 2 ccc bn sade ccna enesnendecevnennedasans Stanford Hospital 
Uargie fstuciyi (el) 12g) 00 re Jewish Hospital, St. Louis, Mo. 
Cao ds elect: 2 Ch ee he re Western Reserve Univ. 
(CG SOS, Ch rr ee Milwaukee, Wis. 
Engeeiliece JO: 0700 1 ae Univ. of California 
CGuge ave, Cecil 15. Brooklyn, N. Y. 
GRC OTe eM sre aN 2 edece ca c-nnacceosa-ceasconetsuceeccneneasaseae Rockefeller Inst., Princeton 
Bie secae GRIDS UNL hee eae State Univ. of Iowa 
GR e vipa gms CO eae er icp. -.<a---Sn2csnceccene-coenenedentessuesesesses N. Y. Univ. Medical Coll. 
(Givsnayyn il; Ub: ea Univ. of Edinburgh 
Giger. Wicd te) Coll. of Physicians and Surgeons 
CRRSRET ID)0 0 ae Western Reserve Uniy. 
Eucetrac: IU CUIRG! 16 As a a aes Barnard Coll., Columbia Univ. 
euvasgey, [esc VVC. |. a ae eee ae ener ae nee Univ. of California 
Greisheimer, Esther M................... Woman’s Medical Coll., Philadelphia, Pa. 
Gronitinny 1 0sco0 TN: 1 \ iS Se eee ee ee Univ. of Buffalo 
AGIAN NO OUTIMMO) FOREN 9. =. 2.-2.snan2usas0nneesasvennatscsaavensteneshsceos Univ. of Pennsylvania 
Goines CT GLE 12.22 eee ao ene EE ee St. Louis Univ. 
E300 se LON Ci eS ee State Univ. of Iowa 
(Gageken UO ee Western Pennsylvania Hosp., Pittsburgh 
(Enulovery. \C)SGs 11/25) i Ge a ae ee Jefferson Medical Coll. 
eailetodte oS 05 AS Univ. of Washington 
AC LGRET ra IN oe eon oo ape cn cocenadenop on Haasecosorsentacenscede= Pennsylvania State Coll. 
Ce iGisnat 12 iccfiQe 25 LS 2 ne Northwestern Univ. Med. 
eect nnsn napenetaterncnnnvacdnntoresiintnes San Francisco, Calif. 
Cea ea acer once nccnonnnnnededsnsndnnsntanenateendeenedieass Univ. of Colorado 
ert RE eae 8 Sac chins cts coctecgendienecesndcranerasduetaceds Chicago, Il. 
etc oC Gn pe Univ. of Pittsburgh 
Gyo nslsyih SS SiC oe ar Presbyterian Hosp., N. Y. 
Gave 2 lie) OS er oeae eee ee Peiping Union Medical Coll. 
AREA yar ne RR ee ain op en cone ican cnc rnnccenvdaeacerapensscnaseiee Univ. of Wisconsin 
Chie, OL cachet ce Western Reserve Univ. 
Oe ar Medical Coll. of Virginia 
Hamer emi. ....-....... Western Pennsylvania Hospital, Pittsburgh 
Hafkesbring, H. Roberta...................... Woman’s Medical Coll., Philadelphia 
PENS sin VMS Eoin 2 0) eee oe oem Cornell Univ. 
PEED Stet) Uo Univ. of S. California Med. 
fe SL TE ELE Se ee oe Stanford Univ. 
TSU 2 210 seek ea Pe Tulane Univ. 


TREN ANNE eh eean nce netennnnenense N. Y. Post-Graduate Med. 
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Hambourver | Walter shui 22208. Ube Ju ete Western Reserve Univ. 
(Blamalymser Wii Ws cece a ek Ve Ae ieee Sie eM te Univ. of Chicago 
Pramr tore Bonet ie 2 one sg aakt eee eee ee Chicago, Illinois 
Patna hap Esse VVias tc) Whe oe, eked dec! ne cc eda ete RE RON EL Iowa State Coll. 
(Blamexensmiiirran kc line Mite eather ore 90 a) Presbyterian Hospital, N. Y. City 
Ilene eMarbin Ho sso Bo od a eA ce nn meet in Univ. of Chicago 
RSDNION GH EG Ee ee te Lh eee aoe ale eerie Cornell Medical Coll. 
i a 7 serene Oe ll Ue Maan Dan Man AEM UCC LEM eee! eR Univ. of Minnesota 
Ehamsmoamn Gi aide ee tessa ee eee Columbia Hospital, Milwaukee, Wis. 
Hs Wav Ar) Bal gas) Lite 2 cece re Oecd et ace ete aries Ae SEY 2! Western Reserve Uniy. 
Ne (AVA Blo ol ach peat ese Reo 0 ata 2 vee ee ee einen, avira eto Stanford Univ. Med. 
Pairdie FO EaNenie pa Se ne Te eee yh aa ee oa Pasteur Inst., Paris 
HiarkawyiehOsep bso 0 iis 2 ees ee ia ee Mt. Sinai Hosp., N. Y. 
larkins, Eleni iN seek. St ea aren Pee Univ. of Chicago 
larned WB emer Ke re oer ne era Woman’s Medical Coll., Philadelphia 
Ef arrasy saa coil» 206 it eae ese ee ee Tuckahoe, N. Y. 
Ep eaarsigs) Win ean oe ede coe eee eee aa oc ee ee ce en Tulane Univ. 
Pharrisovesy GEE sh... icc patnatetdcontesiointin cay eehanaadue eyes tea eee Yale Univ. 
Efpsrrisonits SEQ oleate 00 VW sce oo ae eta ta oe eaa sade. an eee ae Univ. of Chicago 
Harrop} Georze ead. ick oie tae te a han.c a, cere New Brunswick, N. J. 
Hlatrowasbeny anaineeerier ene hone | Coll. of the City of New York 
Bi hela ces baka o pec th ot p ee eoe ee OnE IED a tm PNSD WOR ERLEEA ey Saat ot Univ. of Wisconsin 
FlartsGeorre Hees Wasi eN Se siete yek lee ei eo eae Univ. Farm, Davis, Calif. 
Mariman, :CarloGiau ve 5. i a ees Carnegie Inst. of Washington 
HSE bauan chs Piad Wn ads 4ime es Gooey hah ents ee eA mene Ream AEN oN nant ty Ohio State Univ. 
Pvt, 1B, Wise notes bere a oat aaah it ace legs Ford Hospital, Detroit 
arveys Bi.) NG wilOne: -cesae  aces o eae Princeton Univ. 
Harvey; Sammel iO pe osteo ieee ths ea otha eee ae Yale Univ. 
Elastingsss 1A sola Sa eae Te Sarees ee nae Harvard Univ. 
TER eas tri eres Tape tee SL ee teed epee Uniy. of Wisconsin 
la berivasey Ele Oe cassie A aces Oe oa eo Ohio State Univ. 
Pistia ways Hi Gwar dh 9 esos 2 5 Sats cs ecacectete ea ccet spe ngces cease ee ereetenae ee Tulane Univ. 
Way UP Be Ss os ee 2 ah cet hee sithceczace New York City 
lay dient s@ Hele setae) Mico eh tpl ee, 2 eee Nace cece Ree sea eee ramet Cornell Univ. 
haynes Say NE to oe cece. 2 Jo a eeepc Western Reserve Univ. 
Haythorn, Samuel. R.............-2-.20---.-0-- Singer Research Lab., Pittsburgh, Pa. 
BS Csi] eS fo) Daa ee ee selene eee nee ee cease ce Columbia Univ. 
Hegnamen, "Albert Ejeet ices hese ents dilated ia tetereneiee Syracuse Univ. 
Heidelberger, Michael................-.--------------- Presbyterian Hospital, N. Y. City 
Veil owrvamrs Ts Vee a a ee We Univ. of Pennsylvania 
Heinbeckeris Peter e2 es... ccc ec cevbeccea re tens lec reece tasters Washington Univ. 
USE sade ORE SUR Mlaemc ete eee tr fon tonsa ines Renee RSS FeV oat New York Univ. 
fel Ny avmnrna Auras AVS oe eee nat een eer ccermee ee Univ. of Oklahoma 
VB R\brites lO), JC ieee Ae oe Se Sd ea ere aie eh aie costa Indiana Univ. 
uel ozs emir BY 2c eee tee eae sete cease re ee eeeeceaes Mayo Clinic 
Phenix MBI Luis 2a sealer sets ae or ane ee ee Univ. of Texas 
‘Phererieny Aetblate | D0 oi eee eee re he cap ceca eee Univ. of Minnesota 
Wlensharw) UPS. notes ecechetee aeee Memorial Hospital, N. Y. City 
Pep ler yO wal Ra psce ce te ee een ne re Northwestern Univ. Med. 


Herrmann, Gi) Ravn teat John Sealy Hospital, Galveston, Texas 
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Pet aso scene cence cn nmedceeclvtomen Univ. of Illinois Med. 
EE St. Louis Univ. 
Jeg Ar Natr (0) Oe RS Sa ne ce Georgetown Univ. 
UU EL Av ee Towa State Coll. 
el a ce Western Reserve Univ. 
Vay tegine ol CL See Se SR U. de Gand, Belgium 
AERP mR enero esc enenensn bas ceneceacnecncnnedcotene Creighton Univ. Med. 
ISE LS Sele), Nil Sea Sn ee Univ. of Colorado 
LE RIES URE SS ae eee Albany Medical Coll. 
Teh tey Te sn eee ce State Univ. of Iowa 
TERSTET pun. 0) 16. 2 Sie ne Wilson Dam, Ala. 
isihndese vile ce ae Univ. of California Med. 
JETER ACIS, NOSE) ecg 122 nn ee Univ. of Chicago 
Hinsey, 5 UE te S20. ct an naupnodadeceeseaehs-asuibied Cornell Medical Coll. 
TeGrggi ay, (8, C2 Adee en a Mayo Clinic 
IS Mescloiee) Gove 35) sb he Univ. of Minnesota 
ORSTetis sara are aa eae cece tnn ce ctendnne se ceueentneesoneseice Harvard Univ. 
Taleo ils, [CNT AL. Ar ee eee Ohio State Univ. 
HoOber, Rudolf oo ana ee Uniy. of Pennsylvania 
VS3) Bcalay 2) 1La C1102) La Univ. of California 
LESS Ois Loo ll. (CAE es Peiping Union Medical Coll. 
TEREST, 1, ch SS 2 a en ea See ee eee Chicago Med. 
TERY. 0D CrR) 9 Gee en eae Univ. of Missouri 
RE oon cnsnegiennecaenenecanwanenntemisnnesenseneeuee Univ. of Nebraska 
LeQSibaeghers 10s 001d ht eee Mt. Sinai Hosp., N. Y. City 
hon Cee 1 Dept. Agriculture, Washington, D. C. 
Stoice D2, LIN os 2 en Stanford Univ. 
Teepe YN, (Ue ne ee Univ. of Toronto 
Teheniton, 1) yn ec Univ. of California 
18S 1. AND Sh) 1 cr ee Johns Hopkins Univ. 
ila, LI eee ie rea er Univ. of Pittsburgh 
Velenton hoa (20L NS Sa Sie ee ne SES Boston Univ. 
(bygiseh 6 Ces oe See eee nese aR Columbia Univ. 
Horsleysedi obelton=..._.........2...-..--0.---- St. Elizabeth’s Hosp., Richmond, Va. 
LETS og. VV CI ch JN E22 Univ. of California 
Hou, Hstang-Chuan.....................1..-. Lester Inst. of Med. Research, Shanghai 
felis, 12) oe Dept. Agriculture, Washington, D. C. 
EE ae Michael Reese Hosp., Chicago 
OE Ee Univ. of Southern California 
eae Peiping Union Medical Coll. 
ISh)) lieidh, Pe ee See en Buffalo General Hosp. 
(ils, Ct, RS eS err Univ. of Colorado 
I acacia neem pen neeen cent entnnsnn Ohio State Univ. 
Uioteels 0 O0 002 GUS ee Rockefeller Inst. 
eee eee Univ. of Buffalo 
Isecie, ES INS a ne as Western Reserve Univ 
OSU pa ea ee hea ean a aaron ence steerer nec cemne Harvard Univ 
Tanne eens Univ. of Oregon Med 
pete sci LS ee ee Woodbridge, Conn. 


ee Baltimore, Md. 
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[gtaham, AWealliber WEG 0 2428s Dee Cle Cea eh ee State Univ. of Iowa 

Darwin Ae oy EG cee eR SNe eo SN ee ee Univ. of Wisconsin 
Taspram sv Daio mater Ui ie ole ec Leap tel ee i a toa MA Rockefeller Inst. 
lisaacssWRiap hae]! s: a 0 aie ey Ue at le Wau Ue Oe mele ees Univ. of Michigan 
iveyis Asa inte wri Cdre tesa Miae se ae Ne Ta a ae Northwestern Uniy. 
Jackoon, LOT [ESred hs cd Me sa sler mae nes Wier MRL ar enor meNNeay USN Je Univ. of Minnesota 

ACKSOT, MU RE ke lL a al tara Lo, ate doe dea Univ. of Cincinnati 
Jacksons Mele mIry ewes I ee ee te A Boston City Hosp. 
Jackson, AR Teh ard Whasssec cies cos Coates ee Ny Cornell Univ. Medical Coll. 
JacobsryHerry Minster eee he Se od eet ees Univ. of Chicago 
JBCO DSK MIN EARN Cae Se sae ah init ii tal ote ct ne el eee Univ. of Pennsylvania 
Jdacobsr WialterMArs nosis ser eak eae ates a Rockefeller Inst, N. Y. City 
FRCODSEN,  VACHO LAOS. e ie he eS Te a aed aa ap ce eee ee Troy, N.Y. 
athe Wenitiy, Ure ee see Seater ene Hosp. for Joint Diseases, N. Y. City 
Jattie, ton prohiatd Melt sas sot Seo et ee hes ence es eee maeretaes Univ. of Illinois 
Jahn «Theodore ies sees ee eee SE lee eae State Univ. of Iowa 
Jeans, Phalrp a Ce - s See ee ais a eras least meee ues oe Univ. of Iowa 
Bi csabaul oledsPy ot a Dt ok SOE Ne Se ener retry errata ager ee eer Johns Hopkins Univ. 
PU ferovs(oy ay Wes Wen nist hes cg ae a a eee ale de ae aes DR Oran amie ea so Univ. of California 
obo ta ra ghTe WV es ed o  a  S h  eaeee a Columbia Univ. 
JO FAT i) PN shee ae, ea an aR Sh ee nN aaa Vanderbilt Univ. Med. 
Folams oN Cs AN eA ee csc hs, eee ee Univ. of Chicago 
Polinsont, CS. Che wees Nl es le ee ae eer enenAS Univ. of Utah 
ToS ABEL Le a eae eae ea dra Se i ei ue ale A Princeton Univ. 
Dio usnsseaayy Wis Ra Po MC A Re sit ain eat ene RN es Yale Univ. 
sJollitie, WiNiorieira EN ee voice ne ee peed ely arena N. Y. Univ. Medical Coll. 
TOMA ss NTLCO rE es Hecate ea aa Univ. of Pennsylvania 
Tones; D avidin week seas c cael ee eke ete semen U. §. Dept. of Agriculture 
Jones, Misennet hyn. eee ere ee oe eral us | anally Northwestern Univ. 
FOTOS HATE Re eee ra ran Ee NIE a Ue eee a St. Louis Uniy. 
PiKonego na rdw el ce eed MO AI ye ee eee enh RU ER Te EAL Ny Univ. of Virginia 
Joretade iene heey ee wee Barnard Skin and Cancer Hosp., St. Louis, Mo. 
os irs HE IE Re ik Be aioe ee I Harvard Univ. 
eduliray| Marsch, neat eats ih fold lea ee a Re aka A ag eee Univ. of Chicago 
Jukes) Di TED salts Aca Nl, Ne ed ae a eo Ase eats Univ. of California 
Juliane ere Tso wis © Ales eee eS Ae ee eae ee eae Washington Uniy. 
eJIUUTa So HT py se tec coe Na ee ns rata Siena ste pyon tee pice ck bem icee ae Northwestern Univ. Med. 
Jungebluts (Claus ee Coll. of Physicians and Surgeons, N. Y 
Kas (Miortorun (222385 ns ee Ee eer eens Cornell Medical Coll., N. Y. City 

Realms?) Mes ok eA Waste Se teeth nent Univ. Hosp., Ann Arbor, Mich. 
Ramis "Olivers iu ess ied ee aes ei seer ates Parke, Davis & Co., Detroit 
Rearelitizs (Sammie isi 20a ey ee aes ee Mt. Sinai Hosp., N. Y. City 
‘Kearrenie rE Si et eines ean an cea, eae Western Reserve Uniy. 
east Tait wie eae a 0 ale Dae yO ar pe teen N. Y. Post-Graduate Med. 
Wtaibary eum aly ete its a pate eect St. Luke’s International Hosp., Tokyo 
Weattz:s Gerbier de. 28) oe ee ck is aa IS le Nae Et ae teeter ee Tulane Univ. 
BY 9 fl Bagel an eR creep ne et ett et Michael Reese Hosp., Chicago 


Kiatzenelborenyy | See) 2a as Gui ee i ie eet neg eee Johns Hopkins Univ. 
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Tgivrceans. 1P lav) J\ on a er rn oe St. Louis Univ. 
BESS ream M Se eo ca oahu bbcdecentucansactedovcces Boston City Hosp. 
CRETE Sa iif 2) A Uniy. of Illinois 
FSSANET (S.No ee ee Univ. of Wisconsin 
Iileve chien 1D) Lies eee see a rc Univ. of Alabama Med. 
BES) Me) ope rum med eres oe occ cc tsce secnsuelctedeeduasacteesseee Uniy. of California 
In@eunia), (eluethy A 2 a Baylor Univ. Medical Coll. 
envoys, Janell De Sea ee Public Health Inst., Chicago 
Tigers 0D Js COUGARS er Northwestern Univ. Med. 
CGC) a el es Mayo Clinic, Minn. 
Terris) \ Ua 1 | AE Univ. of California Med. 
[RGieel odie 20) oS cr Univ. of 8. California 
Ug Sneiis 1205 1D) ks er Coll. of Physicians and Surgeons 
Tri. Gioia) J ee rr cr ce Washington Univ. 
DECI Gees Re ccncvtgudle deseccndsccsodertenetaestebaee Univ. of Minnesota 
TSG oti yo oc) rr Rockefeller Inst. 
Tentinenas |: UNL: rr PeRA Sratie'e lee 9) N. Y. Post-Graduate Med. 
SROENO IG oy ED. eee Rr rrr Univ. of Virginia 
TG, EL e eh 3 Be eR Wistar Inst., Philadelphia 
IGunel. Joisejeln, UU ha ernie eee ne Univ. of Minnesota 
PGyn ig viol 2\S Sl i cr eC ee St. Louis Univ. 
LGR SiGi I Chad 2 State Dept. of Health, Albany, N. Y. 
TRUS oo5 1) S55 Ee Univ. of California, Davis 
Tiga pie Sic) 2 ae N. Y. Medieal Coll. 
I(SGhoGragial, Seni Univ. of Chicago 
ities. J) J. renee ee Hebrew Univ., Palestine 
TAINED BL Ss rr Mt. Sinai Hosp., Cleveland, Ohio 
STCEU vies Rpm I cevenentteecanecabennaes Univ. of Chicago 
PESSiTa cone cata ru mn ee cates ccasccetecesedcsesds Univ. of Louisville 
COQ ig. 11 cr crc ee Syracuse Univ. 
IGagiwiiioe., (C2 (Cl. SS Ee eee ee eee neg State Univ. of Iowa 
Teailen., ANis ee 2 cr Albany Medical Coll. 
VRS RL Tia) NG i re ene Detroit, Mich. 
JEGGeele Poo 0 eS pO Univ. of Chicago 
VC igre A011) ree Santa Barbara Hosp., Calif. 
Ieepkene | (Oip ga) 2s) NS a ee Univ. of California 
NSGlosey ou TS) IOS Mt. Sinai Hospital, N. Y. City 
CXslbi Chrno Abbott Lab., Chicago 
Hoyiinic, elete: GA. 4 2) Sa a ae en Univ. of Pennsylvania 
IRQ aiarh, NO Psychiatric Inst., N. Y. City 
TEGO yepae yc. LUN 00s (0s ee Georgetown Univ. Med. 
Be ee State Univ. of Iowa 
See ON SEA a acs cnawnetnn ff nemenneentnnestcnntnocanany Univ. of Chicago 
ISSWiauGh 25:0) Gb ce ee Brooklyn Jewish Hosp. 
JGR cic, (S110). aa ee Long Island Coll. of Medicine 
Lestat err ee Univ. of Maryland Med. 
Ler hte yoy Lai eae Guggenheim Dental Clinic, N. Y. City 
Aaa ONT a A SE Pennsylvania State Coll. 
UGG Vee nl A Brno, Czechoslovakia 


Tecmo 0) 12 SO ae: ee ee cr Peiping Union Medical Coll. 
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IKera ver ei, Ar pith oi tek See Pe ete ae ee ee ree Univ. of California 
‘Kerumbhaan oilh pis oe oie 22 tobe Oe ae pee aie Univ. of Pennsylvania 
Kermses Bheophile. ck... Ane. Fae ee ee 2 eens Univ. of Pittsburgh 
Keupelnage si. JNewtow sc. 58.600 220 ee) te ee ee N. Yas Gity, 
KamdesyMaromret) Mis 228.832 2 oa ie 1) a ne ee abd Chicago, Ill. 
Km 7 MINTO Seg i is alat or ee ee ee Rockefeller Inst., Princeton, N. J. 
STUB Zp AN Oi bs oe es Sees Fe eee St. Louis Uniy. 
Keno bela kata al id eee. eee es Peiping Union Medical Coll. 
Kourzrok pintaphael 2539s ee Coll. of Physicians and Surgons 
IR UGDIOW, A mnt Gy see Been ee ce aoa ct ncaa eg dA de Irvington, N. Y 
[244 AV srl ean iS sk ete ee Presbyterian Hosp., N. Y. City 

(Mamibent, wales snip ots) SRN 2 ea Rockefeller Foundation 
Tamnisoin aileauillsg Dee ses cs ied a ne ae ep eee oie coe ee ce Vanderbilt Univ. 
Juamsonr gto berts Wins. oe Ree othe ees Los Angeles, Calif. 
Trane fiol diy) ashi a 2e0 0 2 os aie ee er ie ee Ce cee ed Queens College 
Team isis Oarmieyseet Oe ete era aL ie 8 he fe ps Psychiatric Inst., N. Y. City 
Wand steine rip itr Ico tee ee Bee ds Ne tee Rockefeller Inst., N. Y. City 
Tuanestroth lovelies stetieies on eo aera es Ree sSan Francisco, Calif. 
Deairkoura ING Wiseiceneete soe ce ae ee ete ke ee Michigan Dept. of Health 
Tamsel ler (@layt aiinens ee poe Beacon Ai ee hee 2, oe OR ee ae Univ. of Oregon 
Trarepiin, Eadiwair dee at ae ee ek eo ee ee Temple Univ. 
Lies 2h oliny gAG: 2. us 3 eset eis ase ek 13 Soe Lek ee eee Detroit, Mich. 
Tierra WV. cee rah eee ec ne se ee lk le oS es Le Univ. of Minnesota 
Joeman, 6 EY. Seles =: eee coos Exp. Evolution, Cold Spring Harbor, N. Y. 
Tuarumeniss) Every 2 cet Oe Roy cae ier 5 eee Cae eae Tulane Univ. 
luaweon,. lamp denC et. k ek ake ek eae Univ. of Louisyille 
Trealkkes CdD) 2 scene entail eee Univ. of California Med. 
Beake nd kes eaten ey es Se Hygienic Laboratory, Washington, D. C. 
hee. “Mending © set tess ks a ee) eee oe ee Johns Hopkins Med. 
Thee, MiltonsQ aes © be Ne Oe oe eas Oe Harvard Univ. 
Treeseti@hester die Beets e soe. ok Oe eee ee te George Washington Univ. 
U Dyestires pap UF vo Vic ee nee eae ee PUL ee ane Ce Wy Bere ene eG Sie? Univ. of Chicago 
Leonard SGA te 6 seh reso eo ete oe Lee we ree Summit, N. J 
Tieonier de Saeco ick seein ay ce 4 ik Se, eh aL Rutgers Univ. 
Teomardy Wierd ere es yi) cer re 6 es Le ne ee ete Johns Hopkins Univ. 
Thevene, BE ACs a spe wen kg? Cement Ai: eee Rockefeller Inst., N. Y. City 
Leovyity, Lape fossa ati it eae Sette nen cease cane pee eae 
Levine, Benjamin 6%.............. Aki omen SN oree ek wen inee een Washington, D. C. 
Teewime,: Wax. tere pears ee se enh) ee oe eee ee Iowa State Coll. 
Tevane; Michael eso a) tee Ue ee a Se Montefiore Hosp., N. Y. City 
Teves Psu) ip. e ac eee ee ae Beth Israel Hosp., Newark, N. J. 
Weve) Samuel Zin oc oe eee eee an oe te Cornell Uniy. Medical Coll. 
Tiewarie AVG torah sae 2 2 ee oat es teeny ce mee ee Creighton Univ. 
oevinson, YSamitel : Avisos = eet poner eee tass 2 ee eek ee ee Univ. of Illinois 
Teway,, Mi boner cates eran ee Geese enor sr aeons N. Y. Univ. Medical Coll. 
Wevy,,, Obert Wise. tise ue 2s eee cee Presbyterian Hosp., N. Y. City 
Lewis, Howard B Univ. of Michigan 
Tiewis;aidvob evita Cet tee oe ances ese se cee ee Univ. of Colorado 


Michtensteme Womigns see Hospital for Joint Diseases, N. Y. City 
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LR TET Si ae Cornell Univ. 
Lieb, 6. Cina cnins «snag del haa cc PE Columbia Univ. 
ARUN USEC 12s Pe Univ. of Chicago 
VETS Teng i5)2) NS) cn UE Sao Univ. of Chicago 
De AG TE oe Peiping Union Medical Coll. 
junit, Vea ores EC. Se a Peiping Union Medieal Coll. 
CORO SIE OS (DLs 2s ce ee Univ. S. Calif. 
NOT STE OO co Georgetown Univ. Med. 
inane, ve telen nerd | 21S ES a nr Peiping Union Medical Coll. 
LDTSR Te] elo ticts VG. fl ec Caleutta, India 
Uoiroegierinig (C990 1125) 3S 2s hn rc re Univ. of California 
UOTE OIC re re Bar Harbor, Maine 
USES SINE S.J te Middlesex Hosp., London 
[DROSS De 2 Peiping Union Medieal Coll. 
Wag OP ee W. Pennsylvania Hosp., Pittsburgh 
TEE VS ao = ah Washington Univ. 
WWetycuse eile h 1) 2 2 nae ere ee Presbyterian Hosp., N. Y. City 
Tpabek DEE AD) ee 5s SR el ER ee Ac N. Y. City 
hothiwiake OPS a ne Sarees eee ie Univ. of Iowa 
ibCpaes Quai) iol a ee ee eee New Rochelle, N. Y. 
Ibritite WL, So. Sn Leningrad, U. S. S. R. 
TERED ON LL cae Sa a ee Yale Univ 
Wee. Henry Phipps Inst., Philadelphia 
Petey JE 8 Le Johns Hopkins Hosp. 
Wie cc) VG Te Johns Hopkins Univ. 
MCOE DS ool Worcester State Hosp., Mass. 
AURitice a Zip TPP Annan denne sent enetnneenannneeeenns Univ. of Wisconsin 
FES S072) 20) 12S Univ. of Calif. 
(UOT VSG UF os ke rr ce Univ. of Calif 
Lunes A) CS RD ee Stanford Univ. 
eke, Baldpimn. 2. ...-...-....- Se EER ch eee OC re ee a Univ. of Pennsylvania 
JE ted fat, 2k. 13 a a nn Univ. of Chicago 
LRG 18 (CT a Jes aa at Northwestern Univ. 
Logie DUN SE a Univ. of Pennsylvania 
LEGER UE Do ee ee Univ. of Texas 
Diane ssi lro0 13) ea eee Henry Phipps Inst., Philadelphia 
PEO 2 oc Sl cr St. Louis Univ. 
CUE 0 ae Ohio State Univ 
Dyciidi O007S o)|E Sa Rockefeller Inst., N. Y. City 
LOW ROS OT a a Uniy. of Calif 

ES Univ of Rochester 

ES ST ce as Univ. of Minnesota 
WOES. 1 2 ce LL SSE se Univ. of Iowa 
HELO Poy oo DV Johns Hopkins Univ. 
PCOS hovel Tel, eN yaa ISS SS Washington Univ. 
AUIS er No Eine ec ne ene Univ. of Rochester 
HU CGT 10) (12 a Cleveland Clinie Foundation 
LING a ch Was aah ea eae rr Univ. of Pennsylvania 


pS ce Montreal Neurological Inst. 
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IM CRI ro ys WWiea Oreo ee et te oy OP PA ly hee dean Lee ee Univ. of Pittsburgh 
McGrintystieDamtel Ais tans la cee ee ae ot. A es eee Parke, Davis Co. 
Mcliitosia Rishi ins 0.) tay et a er ee oR Meee Babies Hosp., N. Y. City 
Mie Tiriiyare pA Say oe ae a I ee Univ. of Nebraska 
Meliver iMate 2) aos es Dales Rete ese Bassett Hosp., Cooperstown, N. Y. 
Mcdianikamns (Haram kewl bee es Oe 1) ee 2c eA Se ana ot ere Loyola Univ. 
SVECISD ber MeL SS sea ees ese aces 2 a a Univ. of S. California 
IMicKanl ey, MAW iaS a8 tes eG sibs Bt Ae 0 eee George Washington Univ. 
Mickeys telich Cece ee eile Sees eek Univ. of Minnesota 
Mclbeans wi rankatins Cerne eis ie einen tts) oh Ns aaah ee ea ae Univ. of Chicago 
McMaster) Rihili pw eetg ae eee L eae a Rockefeller Inst., N. Y. City 
Me Means dis Wot Nota JN a ae el Pittsburgh Hosp. 
MeQ@uarriesulrvine: 226 ie) 2 es Seu lan ee Univ. of Minnesota 
DBO NGS Oc Ste ca he ao ee ae pee aera ea Peiping Union Medical Coll. 
MacDowell, EK. Carlton................ Exp. Evolution, Cold Spring Harbor, N. Y. 
Macht, cig: are es 2 BE ea Hynson, Westcott and Dunning, Baltimore 
MacKay Hiss NGS sare See entre x. Scripps Metabolic Clinic, San Diego, Calif. 
Mackenzie, George M...............s:..:0---ccsscnesclese Bassett Hosp., Cooperstown, N. Y. 
Ma cIeod wiGracec25 Saeki ig eek ae: ee SON Columbia Univ. 
MiaGIN Gal Sy aWVieir dir) se oe, Bn ea eh as N. Y. Post-Graduate Med. 
MacNiders Willianitde ao ee a ee a ee Uniy. of North Carolina 
MEO, AT SGN etn aa eta ee EAU vw Sel Ck bree ote Detroit, Mich. 
Mara Glieh DS GIS: Sie §. saunas 8 AABN cn Boyce a boas es oon ee ee ee A Mayo Clinic 
Mears Eo Lainie.) Sse etapa 1S) hee ee ont Cmen oe Medical Coll. of Virginia 
Malammud oWiallvanass  ercse ee ee ee Iowa State Psychopathic Hosp. 
Malllman, \W)tlero yout eau ee ee ee Michigan State Coll. 
Mallory fg aim kobe tes use 2 een ee Std ees Boston City Hosp. 
Maloney ;) pAb eee: fe oe Ae et ae ee Howard Univ. 
Maltaner,, Hicdisceee eee Nene N. Y. State Dept. of Health, Albany 
Maltanen ¢Minarient ie os ote seta N. Y. State Dept. of Health, Albany 
Viana plier aia ku Cpe ae Ryo cat Ae oe we NN ee Mayo Clinic 
Mainin er ap erie ea ire Fy May i, Ee aS cee ee ee N. Y. City 
Manville airawAlberhao 220 ete id ole ee sa ee Univ. of Oregon 
Mi searaipy sa etree VW eee see cee Ee a Stanford Univ. 
MarcimiessDia yids 0 ree tts bi ese aotes Montefiore Hosp., N. Y. City 
Matakorwatzy re) coat Sash oe ae ea) sla 8. aN are eee Toronto, Canada 
Marmorsterms i) ites subi) en 2a ia a ae To ees ei Cornell Medical Coll. 
SMa gE Bd se eg ee gees ae Ue eee ae Osea Géttysburg Coll. 
Marea) His ekis sd een ie is Seer Nin sree 2 Ae Johns Hopkins Univ. 
Marshalls Meas Sia stn eats ig tid re Sea a) es ee Univ. of California 
Marshall Wide) ee ee eee eee Johns Hopkins Univ. 
Maa tir Baayen Johns Hopkins Univ. 
OTE eB alah pa pk eae aetna Relat da gs Pe Cher ree eae Albany Med. Coll. 
Bul Nay Ya SOS) Dee nee mea Ee RG MNaN Eran ah Borne nT mene mee Mery ete cel hn Vanderbilt Univ. 
Master,wArthnr (Mie 225 he seer eres AAS neh aminlen Olas boone ae N. Y. City 
Matas, iviad oli lase 05 9 ees ee eae eee ae New Orleans, La. 
Moaittill yel erin yr Asc Sooo es oar eco mer ees State Univ. of Iowa 
BV Cyered ep PMNG patton deme stare on oat OO cit eR lunce ecard oe a Soe Cornell Univ. 
MawverseMonry Birt ite boats sae eee National Inst. of Health, Washington 


Maxey ui Kenmeth x) te oe 8 acre ee ete decere on Johns Hopkins Univ. 
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Bet cre casera HOD TRUE Co 2c oS ed 8 ce ease cScievencneevh-cdelenseccSicbeundecssuvesdeenects Tulane Univ. 
BUDE Wil V eats OLDS a cca ancenevanbscctsucnsusicoeaucansovusatelace Cornell Univ. 
WiZe ig 28 CO SS Ae ne McGill Univ. 
IY os Cro ae Lankenau Research Inst., Philadelphia 
haggle es TS) 8) SE a ne a Mt. McGregor, N. Y. 
Migr VV Sve IU Univ. of Wisconsin 
Wee waWeeremnen ee Western Reserve Univ. 
We torertiegtsrpmr eee Dairy Division Exp. Station, Beltsville, Md. 
MUN 12 1b) 5 oe Presbyterian Hosp., N. Y. City 
WES, Ho 0 oon ogre Iowa State Coll. 
Mellomyetealini thy... ac... Western Pennsylvania Hosp., Pittsburgh 
WUBI W020 cE Harvard Med. 
SURO AUEE NS UID Sloe eh cr Univ. of Pittsburgh 
ORSON Coen dicen cc a ae Tulane Univ. 
WRAP aey SiS S97 12 ee a cc rc Univ. of California Med. 
Ware Ue\ilc t/t ca Johns Hopkins Uniy. 
Wee eel 1h cgi e ioe Une tae eee ee) N.Y. City 
IMCS, As oh rc cc Stanford Univ. Med. 
WGN Ge Ik Coll. of Physicians and Surgeons 
Weaae, TRC 10 2 Univ. of California 
Wiese (C.. (C.,.pae ee e c Univ. of Wisconsin 
ME GTE. 1B. NC. cae gor re eee Univ. of Wisconsin 
TWANG nee). | OOO, 2 eh rh ree Rockefeller Inst. 
ISOS) IN Eo jee hee nn ne Jefferson Med. 
MEGS OS Sc ee ed Univ. of Wisconsin 
BIT ois unm mm OR as ca San eens bncteozccenenccusesaecsepuentenerieas Yale Univ. 
BOGUS GES OM OS 2 cc Cornell Medical Coll. 
Iiniier, (0) TP ientl 6), cj oe nee Univ. of Chicago 
Muller U0) (S) . hde Coll. of Physicians and Surgeons 
AVOUT ip uptiesa OU no eee vie- neo dene a-nne toe eneaeaboemnencnslesens Western Reserve Univ. 
hi ETB (Co, 1S 0 BUN ee American Uniy. of Beirut, Syria 
IETS. GU don A. Soo hr nrc ea ee ING eCity: 
aaa Ceres 15 Ee Boston City Hosp. 
WER Sige, 17500 1S) en Rockefeller Inst. 
AGEL, Thy) 1:55.01) bl ee cr Jewish Hosp., Cincinnati 
AVE UG Eo 5; (iS US Massachusetts State Coll. 
IMR) 1 18 Ie ee Syracuse Univ. 
WC eet Nc Cs) Se Scripps Inst., La Jolla, Calif. 
DATONG 8 nascent Rahway, N. J 
ICS saa) TST Jefferson Medical Coll. 
JISYOTS el 08 ee a Univ. of Oregon 
nagpeats, (CMa 10. 20 2 Sag Univ. of Chicage 
UM iere, 0 MU pS ee Univ. of Oregon 
JAP TEL ts Se Cornell Medical Coll. 
WUE Seine 1% Oa Univ. of Texas Med., Galveston 
EE eee Univ. of California 
PO EES ee California Inst. of Technology 
MGV COINS slid) it a Univ. of Nebraska Coll. of Medicine 
DPR NE URES Se ee Harvard Med. 


SIU ace a ecto wennndnee sen ceennecentesrens E. R. Squibb and Sons 
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B's Kee ce(ctes U2 8 Jk) b PU BN ib countess SR iT EERE WOR pa New Haven Hosp. 
Morte ni Pfio lant tls th Pye ee Hees ee ea Univ. of Rochester Med. 
Moen Gh ah AED Qo wat ee cles tS a Se N. Y. Post-Graduate Med. 
Mu, J. W Sy SARL eae Goatees Oh ade Ses PD ele) wae AR Peiping Union Medical Coll. 
Muckenibuse 1S 2264s. ce eee N. Y. City Bd. of Health 
Muda es iipsirt eae soos he a ee ea ee eee Univ. of Pennsylvania 
ais l eazy One y heice coerce nenere Mae tees Peneeeern emeneus Nereis Sil 1 Univ. of California 
Muehibenzern (Gs sWiasic ese 2a ul he ee ee Northwestern Univ. 
Mueller," J: Howardiecteet eo 0 oo ck eee ree ees Harvard Univ. 
Miadinog Ms Gee oe AE ts 59 EEE el i ha) Coll. of Physicians and Surgeons 
ML oY te Re 2 nen RCO ee eee Western Reserve Univ. 
‘Mraller eG ae oe so to a Se ee Cambridge, Mass. 
Mi ee NEN cise eit 8 | ae Se ee kee ee Edinburgh, Scotland 
Malin Herat @is 3 oJie-c vee Bebe 2 ee ing ee cee SE A pe Galveston, Texas 
Muntwyloro Eid ward sehen. oe Sah oe ee eee Western Reserve Univ. 
Miartbin Sitio Hin ree See 2 ae Re 2 Re ee Univ. of Rochester 
Mitre By Pe ee See Univ. of Pennsylvania 
WW ying OU A Pps Jeet Osean eee. oe Pe eee es ate ete sere sey Rockefeller Inst. 
MurrayyeDhomasid nce 3th ha anaes eee Rutgers Univ. 
Musser): John Pie he ee et eh Ree eee Tulane Univ. 
Niyers;) Chester SNES 207 ohh es ee stad he eee ee Columbia Uniy. 
Mayers; “Victor Oeil oo ae Western Reserve Uniy. 
Nadler, US PN Tei Seca etl oc oe eet eoe E New York Univ. Med. 

Nathansonyaorrig e152 ta ee Los Angeles, Calif. 
Nechélestsl. £0 = 2 aed, eee Ga Reale Michael Reese Hosp., Chicago 
eee SA ict i ah ay EN ree dS Ue a ee Univ. of Illinois Med. 
Nelson: Bir wanes oite ect ee ee ae New Orleans, La. 
Nelsony “Plaurboine@ics Retest SR oe Sno ort es a eer ee Rutgers Univ. 
Nelson} "Vitobor “HG a 286 a eed Ao ie ei Oe Lee Iowa State Coll. 
N]1S Oma Ws ys eek CN EAI splat Nie et a ene ea rete Wayne Univ. 
Neuwirth Isang: se oto ace Soe ee ee oe tee eee New York Univ. 
Newburg. tious Bs 2c ee a ss ee .....Univ. of Michigan 
Newman wiléniry® Witcoick ek kee ie ete Stanford Univ. Med. 
IN seiner ees a Rh oe ac cere eee ts Lester Inst., Shanghai, China 
Nitees Die B 2 Uae ieee he Sa ee lea nd eel et eat Oe ee Chieago, Il. 
Nitetno as SiS Sauce le ee, od eae te eee Slane: dea ea RO Yale Univ. 
Nicholls) Wdithh> Hoe eae a eee aes eee Cornell Univ. Medical Coll. 
INachols; MU S255 225 es Sa net eee a Univ. of Wisconsin 
Nicholson, "Elay dens Csi. cst 5 Avie rk ae Univ. of Michigan 
Nielson, SC arr] 265s co i tes HU eaten Abbott Laboratories, Chicago 
Niles,“ Walter’ Ii.) 02.5 ee ed Sere Cornell Medical Coll. 
Noble, G. Kingsley, Jr................. Amer. Museum Natural History, N. Y. City 
Worrissc Ware Ricki Fass eae Bei eee le Univ. of Washington 
Norris) 902" (G2 ot Sec Se RR aie ce abi ac banana eee ere Cornell Univ. 
Northrop; diohm- Hist-.\4.4.00 te ee ee Rockefeller Inst., Princeton, N. J. 
Norton) (S528 See ee ee Upjohn Co., Kalamazoo, Mich. 
Novy; rederick” Gi225008 5 20 Eee eo eee Univ. of Michigan 
Nimeester, SW vecd sx cite ct he eee ee eee eee Univ. of Michigan 


Nive, Ray iIN aie Sa econ ad oi ae eae Boston City Hosp. 
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(Preshkove, 1 ES ee eae tay Reena ne eee St. Stephen’s Coll. 

Ea pn Tulane Univ. 
COGSERSL SS VOU oh sieee le McGill Univ. 
COR Gngs UST 1D ne Univ. of California 
(OMG )Nage: TN uho. SoS eee rc Univ. of Illinois Med. 
CMG.) Mp2 ee ee Washington Uniy. 
OUT Ea 1 SCgiaio KC 1S a Rockefeller Inst., N. Y. City 
(Obey ed ei SG See er Long Island Coll., Brooklyn 
COMIN WW AN 2 OE Long Island Coll. of Medicine 
CURT PVs Ghee 1 Presbyterian Hosp., N. Y. City 
VISES GS 5, * 11) UG ..Univ. of California 
OUINTEEE SES 015 1 SOS at Ba Washington Univ. 
OIG USO No bo se Cornell Univ. Medical Coll. 
Oppenhemmer, 5. 8......0.................--...-- pox bie dae ae | Sh eae Columbia Univ. 
QRS Sah ce Johns Hopkins Univ. 
ONIMe 8) iso 08 a6 LG Columbia Univ. 
oo een ena chen nienne en taca sb ceatanah agenda dacs Wayne Univ. 
USE 6L. LRG fo ces pn ee ee Univ. of Oregon Med. 
CUTICLE Jnr Los Angeles, Calif. 
(Oisirersiucieds, IN", lo VSS SSS RS ee oe Rockefeller Inst. 
Wiiivils@es.. 1... Se Mt. Sinai Hosp., N. Y. City 
CpPeleeecsionc, 2.5: “\\C ERS ee ee Yale Univ. 
Pack, (Seyi S, 102 Se ne a Memorial Hosp., N. Y. City 

Tepe AVL00i 2) 15 1S a Rn Indianapolis, Ind. 
W9elco (ON ony rh td Lester Inst. Med. Research, Shanghai 
Neots e eae eccnecerten ene asenteennee Univ. of Minnesota 
PEEeD ELE erm WEE toca cs a bess cede nseonpontelacsesvansocdsancanesstbrueueeesie Univ. of Chicago 
Ieee MN Presbyterian Hospital, N. Y. City 
Papanicowmoneaoorge N.. ne Cornell Univ. Medical Coll. 
LGR EV OE ce 21, NSS LN Eee ee ee Columbia Univ. 
HEDGE 10). 0, ape) See cc ce Johns Hopkins Univ. 
[Pris VST 12 | ae a eee Dept. of Health, N. Y. City 
Ue iieter EMMETT GN scoot a rican snc 2ccedasncebancendoncntaveneindpicnsseceennentce Boston City Hosp. 
[eerie eis, ROU |S eee ee Harvard Univ. 
[eevay, 10), Vso. op eee ec George Washington Univ. 
UP a C\nia),| 15 elle Vt 2 Raa pn Univ. of Wisconsin 
TESS oa Wayne Univ. 
ES State Univ. of Iowa 
EE Rockefeller Inst. 
Poe acca an entcg ence ene oetseetencmneen sone Johns Hopkins Uniy. 
VE povcs Slicr ogni: GSE SESS) Se se eee ee eee Univ. of Rochester 
(Ee ae N. Y. Post-Graduate Med. 
NS RC Mt. Sinai Hosp., N. Y. City 
PE Se N. Y. Univ. Medical Coll. 
Peer, aetna nn ---------------- Memorial Hospital, Abington, Pa. 
Woe S here Vhs os ee Univ. of California 
nc cana cette nenncnncnwergenteee tone McGill Univ. 
Ce Univ. of Pennsylvania 


a Montefiore Hospital, N. Y. City 
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Perlzwets cw ailtain | As oS ee ee ea Duke Univ. 
Pernizetiioward Fo 58 ea end St Mercy Hospital, Pittsburgh 
Perry, lnavclia tH 89st ke ee Univ. of California 
Prosicd 2 Bamiurel! 0 3 ats ee Cleveland, Ohio 
ECE OER ne Yale Univ. 
Petersen, DPR A ee Sh a oho ee Se ee Uniy. of Minnesota 
Pieter, Oo Bs ea) oon a eee Johns Hopkins Univ. 
Plilimer | Did nh See ae fen A he Parke, Davis and Co., Detroit 
Piasnieter D055 2 eee ah eee Univ. of Chicago 
Phillips; Wobert (A 2) ee Cornell Medical Coll. 
Pieres, Harold a Se ee eee Univ. of Vermont 
Pilot, ee ee ee ee ee Univ. of Illinois Med. 
Pinkerton pilenrye = ee eo eee Harvard Med 
inser ax ee ee Ithaca, N. Y. 
Pitimans WMatearet 28h Nat. Inst. of Health, Washington 
Plant, Ou ee ee eee Univ. of Iowa 
DBs Ey re eh ee Univ. of Iowa 
Ploiz, vilarty so ce ee A Pasteur Inst., Paris 
Pep Caries ti Ben, eee ee as ee Univ. of Colorado 
Pohilmasi (> Rens Gy et Soe ee a ee ee Creighton Univ. 
Books Sis es a ee eh eee Cornell Univ. Med. 
Pollodk; hit We ee ee Northwestern Univ. 
Peiider;< Wirie se ye ee Cold Spring Harbor, N. Y. 
Powell, 1. Mise 3 ee Eli Lilly and Co., Indianapolis, Ind. 
Powers; Grover: Vora. 2 ee ee Yale Univ. 
Pratt, Wréderteko Tha ee See a ee Boston Univ. 
Prati; Josep Ds on a i i ee Tufts Med. 
Pribrai, Wirneshe ose ee Chicago, Lil 
Bicinice, Aas Sea ae eo at ee Hartford Hospital, Conn. 
Procschér, 5 St ee ee at ee San José, Calif 
Preneebas wc a a ee ree Univ. of Illinois Med. 
HLCM RIAN 8 cc ac or oom :......-Milwaukee, Wis 
Oise perk cc ts e ee aeee Western Reserve Med 
Qutisys VAC oo eA a ee eed Peter Bent Brigham Hospital 
Quinn, edimoud: Johnie oe Rockville Center, N. Y. 
Ris, Wda! Wrage ss eee en ee ee Univ. of Chicago 
fala On ee ee ee ee Cornell Univ. 
Raiziss, :Goorve We Inst. Cutaneous Medicine, Philadelphia 
Rake; Geoffrey: Woe o. eee New Brunswick, N. J. 
Rally Wlainie Pies a ee es N. Y. Univ. Medical Coll. 
Ranson; (82) Wixte 2) ee eee Northwestern Univ. 
Rawmaley, Weraneis' Ss flo eke eee Univ. of Colorado 
Rapport; Wavid..2.2 2.2 ee Tufts Coll. Med 
Racutissert, As Do So h5. he ae Univ. of Minnesota 
Ratner, Bret 2s ee ee N. Y. Univ. Medical Coll. 
Wty dist; 6 a ee Univ. of Pennsylvania 
Ray-Ge Bi ee 2 a eee Long Island Coll. of Medicine 


Ray, Heavy: Meo ee ees §. Side Hospital, Pittsburgh 
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Saar eR EN ce Lester Inst., Shanghai, China 
EEE ESE Stanford Univ. Med. 
PSB Co soci Univ. of Illinois Med. 
EE ener Stanford Univ. 
A So rr Western Reserve Univ. 
Ce SS 6 Jefferson Medical Coll. 
EE ee Univ. of Pennsylvania 
Bee oS WE Burroughs Welleome and Co. 
Ne eee eee See Yale Univ 
CESS SS 2S Louisiana State Univ. 
SE iS SES Univ. of Rochester 
Pes hi 7) Cornell Univ. Medical Coll. 
CRASS OS Rockefeller Inst. 
Ee ane Northwestern Univ. 
SS SCS SEN en Johns Hopkins Univ. 
Ne ain nse nee es eentrens Univ. of Pennsylvania 
BTU SSS SS re Memorial Hospital, N. Y. City 
BRiGhaPUsOn serene yoo cctnmnnns Cornell Univ. Medieal Coll. 
EES rs Sa 2 A ee Univ. of Pennsylvania 
PCS 1 LE Univ. of Pittsburgh 
IS ene ene Columbia Univ. 
TRIG Gler tear ee. Exp. Evolution, Cold Spring Harbor, N. Y. 
TESS Tei ps 2 Se Univ. of California 
DER os) Montefiore Hospital, N. Y. City 
Lee Sos Loa 1) ne Rockefeller Inst. 
essen inctnnccn newman satensictnewsniecnentinnnn Syracuse Univ. 
OE a aon canst nn ncrnnin ens resaeneennenn Univ. of Illinois 
PRESS 0 OSV SL 8 LS SE ce Univ. of Chicago 
LON S SOP Se Se eee eee een Vanderbilt Univ. 
PeS Cres yi (ULE 2 cee Antitoxin Laboratory, Boston 
EE ee George Washington Univ. 
BR Ton ast nt vente nnten senna seamen e cnenscnaceveenntsen Baylor Univ. 
Rs essen ecnne ve veneer estewntens te seinninse Univ. of Chicago 
Rohdenburg, George L..............-.-...-.---..-0++- Lenox Hill Hospital, N. Y. City 
we Mg na IS ES ee eee ee eet eee ee eos Cornell Univ. 
Bes ra Pate IR encase ction en asewtennsnnnacnecenbuneenaniie Washington Uniy. 
FRO Wann nanan anna ene cen cnet teens Univ. of Chicago 
LS (So ee Coll. of Physicians and Surgeons 
SSS ee ee ee ee Yale Univ. 
oe Prudential Life Insurance Co., Newark, N. J. 
ED See Columbia Univ. 
ae nese n ances eens ee eaten cme eeensereetnee Univ. of Illinois 
EE Ee Mayo Foundation 
pi Israel-Zion Hospital, Brooklyn, N. Y. 
FRR Mev gcse an nnn see nn sane enen se teneneneecentrenenneennees New York City 
BE George Washington Univ. 
ce Rockefeller Inst. 
Pe oy Oo Philadelphia Inst. for Medical Research 
Eo Worcester State Hosp., Mass. 


Sama sh annette enctcetneenes Hunter College, N. Y. 
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Fiussell, GWG es 26e ek shee a ee N. J. Agr. Exp. Station 
Sabin, 124 LT Sta ice | Deen So amen ee Pet cee Gn eee eee ree Ee ee Rockefeller Inst. 

SAUNT se LOLCTICE a ee ot tee, 8B oe Rockefeller Inst. 
SET Wa We slay Lev nad Coe chee Uc eee meena A Rea et 8 8 TN oe Dee! Detroit, Mich. 
Ec Mag) E52 Ren ee ene See oe OEM EAS. ge UME GK Abs eno 2 N. Y.. City 
Sab ee Ay Wah 2 Sat er Us A ek Sen ese oo Univ. of California 
Salvesen, Pano @yAsetciawieets oS he ak ee, Rikshospitalet, Oslo, Norway 
PRIS po ig ee Se Se ee ee Univ. of Minnesota 
Sandberm, Mi oaae 2 eke hoe Ge ea eee, Montefiore Hospital, N. Y. City 
Sartordss As Eee ete ta ar Rc Sh cS eee ek eS Mayo Clinie 
Serine We sere st Santa Barbara Cottage Hospital, Calif. 
SS EVN ce oa Sc ere ne Rockefeller Foundation 
GAMA TIOTI:: Hose Br Oe ee eee ae Univ. of Minnesota 
Scheehtman;, 2A Mise ae Uniy. of California, Los Angeles 
Shells Geang enc at: th ee ee cee Hygienic Inst., Pécs, Hungary 
Bohiels, Beha edn Ga ctete caret eeqnnreonice Mt. Sinai Hospital, N. Y. City 
re7cl bu doar pers Melon safer SaeLe Nant oe Seemed Beth Israel Hospital, N. Y. City 
Sela hecesiora or re INU a a se Soe en ncaa nee Beth Israel Hospital, Boston 
Biebhoss -10)5 Gir Mees ea sree ene oe ae Cornell Univ. Medieal Coll. 
rela benGze4 Hie Wok Rag eRe De has Sh ae Univ. of Chicago 
Golmidt,: earl glee sii buna iedat Sn ctte  Rete Univ. of Pennsylvania 
ore cham By Ug Dog Wan). Gye Ae demaesesiens safer Wenn vee reese Uniy. of California 
Stehimaitd, Bra dnetat OM 6 se ea ssa sa a scares tne cae Washington Univ. 
Schneider, Midward Coo. ei er ee Wesleyan Univ. 
Sieben Rc eee Univ. of Illinois Dental Coll. 
Seebvialiizg BNW oa se aL 8 ce ee cn ccm ee at eee Stanford Univ. 
Sie hantlizs' Oy, ee eee eee St. Francis Hospital, Evanston, II. 
rece t Lang Rpt « (SLPS aero nseeteeecits ce. Seer soermeeeee ck Sree Univ. of Maryland 
Schwartz, Benya. esti 522 ea es Se U. S. Dept. of Agriculture 
Sid eh eae tg lo a eee rare eee eos eee Albany Med. Coll. 
Sees th: BOs A A Ee eee ca Sar ee Columbia Univ. 
Scent ge see eo ant Ca i EE ety kee Univ. of Minnesota 
Scott, sGondompe: 22 oe a) Set eee Washington Univ. 
Sse th Meee Case fr a ceded ceo Sone soe Tulane Univ. 
Seo bss RR WW an ee caso cna te eae hae aes niecae Western Reserve Univ 
reece ENN) (Pr Ja ces bee ape ae rs crane eS et tec Univ. of Rochester 
Sc Lesragn © Pe pds e ere haMene emt tp ccene neni Oui Ree aoe CE, TE Univ. of Oregon 
Seastone;, Charles Vicc:fcci0 ccc teececceeee Rockefeller Inst., Princeton, N. J. 
Seeco’qDavidt Bucks. site ce Rit AES Rete ek eS New York City 
Seagal, Beaixie’ 0... ee eee Coll. of Physicians and Surgeons 
See wees. mM «Ep ee sear este enemy scare eee Univ. of Wisconsin 
Seibert. Mlorence: Bio ie a tein Henry Phipps Inst., Philadelphia 
Soe] ye, Ear scree re ee ee oar een cemee eg neces MeGill Univ. 
Sewer intra A oe cccnscoeseeeecoter tencecnencaten Coll. of Physicians and Surgeons 
Savritivhans) Blmer Tul s2c0s. ode tn ee .....Univ. of Wisconsin 
Shit er; Geert Wes 5.4.cc ive cetea scene tester oeacc see ee eae Stanford Univ. 
Shaffer,” Pillip (Asa2) tes ee ceases cre arene eg Washington Univ. 
Bibaticheest All Qh seth see ee ccna ne ent St. Louis Univ. 


Slrariniom st) Js A ef sss BA sce Pe acshe tanec ca eotor eae erates N. Y. Univ. Med. 
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Sh Roosevelt Hospital, N. Y. City 
nacre aaa nner tcaen event bane cneninttacennnensnnente Cornell Univ. 
Pep Eis AMR MRE Oe ha omep gnc t van nove envncvtnewetversaventiveneseasi-nlovanceds Harvard Med. 
Sa Eiko arena onsen conn nn con dnvon te sinaventuztnwtiennninadivete Mayo Clinic 
PM po oes cece ecencetenscenenseneatnsnennecnbenstnnsticobene Chicago Med. 
Para RE cosas enccscenvenenonenensaveriiens en cenesnvnscdeiede Columbia Univ. 
OU a Bureau of Science, Manila, P. I. 
POS ome SMI SRA SLICES a so gcc na cen son Geen antnstodantlspscdecsivececatsavouete Cornell Univ. 
Fea MN een anne ene ncnwremeven enone nenenesnes aenevencnvance Fordham Univ. 
a Lakeside Hospital, Cleveland 
PRT eyes ncn censors meron cose serene nnoncneni Coco Solo, Canal Zone 
Se ec ae Univ. of Detroit 
PIC NE EAN ooo oc ness an ctracstispenenntot wonckvbcesennaienessstbeasubs Harvard Univ. 
ROR Faye enna acne nce eneenee Rockefeller Inst., Princeton, N. J. 
Pe ee asco eccccenccnetorenenen Coll. of Physicians and Surgeons 
Slayenivariche. (Che 0) a Mt. Sinai Hospital, N. Y. City 
foul g iG. Jil) 12: Peiping Union Medical Coll. 
sf ecm canner cn tentcetgenen ences N. Y. State Dept. of Health 
SST ae EMME MUNIN nfo nn paceman ccenntnsnenececenaneontenenenseecncinsecne scans Washington Univ. 
SSuhgarcntit, 1D, IN Gio he ee a Tulane Univ. 
SHEARS 20 Ship ee hn ee Army Base, Boston 
SHEERNC C05 112 po RE IR ee Northwestern Univ. 
ee ee Queens Univ., Canada 
SVL CaINGL OL, ON, Raa oe Columbia Univ. 
Smetana, Hans.............-----------------se-esesceeceneeecceceeceneeneeeeneeeeeeeenenenes Columbia Univ. 
ee ee Wayne Univ. 
Pennant teeeneneec ene enceane nn Cornell Medical Coll. 
ne ee Bergenfield, N. J. 
PN Nese aan nn cane acne enecre rence nnnestcne nn nmnnnnptenscntned Ohio State Univ. 
De cence stances tes enee eaeectne mince earnine Iowa State Coll. 
Oi ana emanecnnen etna en tenrnn ener nap renner enntnnesentncecenoton Univ. of Iowa 
ls Si Hospital for Women, Brookline, Mass. 
ee ae nee State Univ. of Iowa 
Smith, RT RN ooops nsecce -sove<s-oeesnxcaeosidcecace N. Y. Univ. Medical Coll. 
eS) eee eeneneenseeenee eeoree Temple Univ., Philadelphia 
Samah eee... National Inst. of Health, Washington 
eee ee Boston, Mass. 
Eee eee nme eee Yale Univ. 
Smith, Paul W.......-.-.----------------------------ceceeeeceee ten teteteen trates Univ. of Tennessee 
a een ae neo Columbia Univ. 
EE ES Rockefeller Inst. 
ae Shantung Christian Univ., China 
een nee ene Johns Hopkins Univ. 
a ee Mt. Sinai Hospital, N. Y. City 
Soffer, Louis J..........---- oe Mt. Sinai Hospital, N. Y. City 
CR ES eee Western Reserve Univ. 
Sommer, Hermann............------------------------ecscessesseseseeesteoctaeee Univ. of California 
cr Jewish Hospital, St. Louis, Mo. 
Riouicaniys (amet nn -----—-------------------- Michael Reese Hospital, Chicago 


SO: OS : ee eee ce ear Univ. of Michigan 
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Sperry wiernehen sae ae ue On eas Babies Hospital, N. Y. City 
Syotece sy elirn es beste eevee: cede yen ah et ane aL an ian Temple Univ. 
DpiereloA doi,’ Maris areca eoransiesopbancsecaaviatie, abe ae es 5 Temple Univ. 
Sples sete) eke Rial ee ere Sy ee Cincinnati General Hospital 
Sponsle rst tee e ee es oy ae ie Univ. of California, Los Angeles 
ford U1 0 RBs & [A ean Re NEES AcE de OUR PE NRE Sen a Duke Hospital, No. Carolina 
S Las Diy ey Wi Mel cette esc ey es cece ee ea ree ees een Cornell Univ. Medical Coll. 
Perea OURO IN og tks tanscasdaciance 4 OR oy Cornell Univ. 
Sark, eM aie Bh rego cad riser nen ota mre te New York Medical Coll. 
Starkey, sRi aie ets ee ee Ng ete Agri. Exp. Station, New Brunswick, N. J. 
Pegler Dol pupae Bl eee toe eet IAEER x are tenia MaDe es Northwestern Univ. Med. 
See lense kaya eV Be ge SW i Aas AU BE eee RY Rockefeller Inst. 
Sheweer dass B Ny Wiese So A LN oe a a Univ. of Illinois 
Steinbach Mi Maxam 0s ree ee Coll. of Physicians and Surgeons 
Steinberg, Wee eA aT ey setp ens Een so taneibintcac bh Toledo Hospital, Toledo, Ohio 
Siherirdl er yo cA ese ee eS asc erase eee State Univ. of Iowa 
oH 2) 60) Bae nar see tte esa ep A 2 RRO Siren CMRP ee nat LER SE aiar eae Fordham Univ. 
Stems tomas po Wal be lara ee oe ere = sacar ee aca eae seer Univ. of Minnesota 
Stewart Weber ld yey ce as ea sons aces ee eee New York Hospital 
Stewarts ddearol d Plavi: Cie er eee cee ee ae ae ne eee Harvard Med. 
Gulls ene Wee ae ae eee are os ee eae Univ. of Chicago 
Stillmanty Ralph Goes aioe gece a a oN i es eee Cornell Uniy. 
Stockard. Charles Ries i so ieatsaa aise tn hole cea stes nels sea eacees ev eboe Cornell Univ. Med. 
Stockton cel iB oe eee i NaS enc renee Stanford Univ. Med 
SGoesser; Albert Vie ecw cee teres cate ee terse eens eee meee Univ. of Minnesota 
Stones) :C allan Ges oes apne oath cence le ce an tends ae pees a Stanford Univ. 
Sitome ys Tice taly SS eee aa a res Sacer Seow ose eee ce Yale Univ 
Storey) Tao mi asses soo A eee et i a a ee oe ee Stanford Univ 
Stowell W's Dee ee RE ee ote eS eee ees Univ. of Wisconsin 
Strong Rive ea die ee eae aa Pe peres hace esteem ee Harvard Univ 
Stromses Solomons) 5 7 sees ee de he aac cee eens ecncese meee -Los Angeles, Calif. 
Gitrer ear ACA ei gw aie Ry EL ee SS a ee nae a eae Brown Univ. 
RSE KO) soviet) Peete dcts Maes nestles Rabe Winchester Hospital, West Haven, Conn. 
Situmbancleublora ces NV <select ere eee New York Univ. 
Staessen le es ce Sa re Univ. of Michigan 
Supima, Kanemat suis tes set ee reece Memorial Hospital, N. Y. City 
Srl biewshras AR oN ect ier hear acer Georgetown Univ. 
Sullivan? WV alter: Wes oke cease nteearsse ate te eee epee Univ. of Wisconsin 
Sulzbencersy Meira ys oe tase ae a ere eect N. Y. Post-Graduate Med. 
Saminor,)/WaeBye 25: oe ee 8 aoc tances: Seripps Institution, La Jolla, Calif. 
Sy ivsclsbobe@er es isle |b Rae Tene srph caper mens neers acr pe ecg terest may ere! er os Cornell Univ. 
Sramndlstaroemny ewer Sere tec ne eee ee meere ener eee Univ. of California 
Surd, Barmetty it ves sec acecrsane tree cacerese tone ert ech mecca semen Univ. of Arkansas 
rehire SUN lee: une oad co iaeaMe OEE a Mee ee ara rece nu rumen enlt inte Univ. of Chicago 
Shwe yy; TLCTI YC e  oe ace cece aem tat anes peneanm eee Univ. of Chicago 
cer fel OT ets Renee ete tent Saat er Eee et Cornell Univ. Medical Coll. 
Swett, Francis Ho... -c.-..-..--scsecencesccedevctenconeneeseutneaccansaressacunssnerntenstoasn Duke Univ. 
rupli 0! & IPO een ietii Lees resem pee oi es Soper ere UEe peer ana t Rockefeller Inst 
Swirl le, Bho) Wheto ceca ecece tae etches cnn nnannesa deettsgnmenens Marquette Univ. Med. 


Gwingle, W. Wo....-.--..--2ecscescsescecessseenscsonssnessenanensnsnesecernannsnnnnnannene Princeton Univ. 
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i cco tenn rinine piste Hon ncedis menses Stanford Univ. 
Vell 1 SN ee Univ. of Illinois 

LGU EGS (LE 5 Univ. of Cincinnati 
GREE ara Tea cM ree occa nepeacnccnsnansnacuencndentaceeess Univ. of Wisconsin 
Duele ST oA SRS a een Florence, S. C. 
Shes, (0 lta, Ba a Iowa State Coll. 
Deca, ct UD 2 eS ee Loyola Univ. 
isl easace le (CNT ee Rockefeller Inst., Princeton, N. J. 
I nanan sac enn ecrenneengaresnrseensasicavs N. Y. City 
COUN oho ent ce ccnnecncnenanensnsecisdnntntnecnsnnnnee St. Louis Univ. 
INN yiepes (OU 091 18 Ls es ee 2 Univ. of S. California 
DPE) Sault \—U 1g en a Columbia Univ. 
DVRs ste eae ce acpi sz cscs anes 5 cnen dan ASbsattacdeteseece Jefferson Medieal Coll. 
AW NORTE, ol Physiologisch-Chemisches Institut, Leipzig 
nae ee Clifton Springs, N. Y. 
(Wigan G ie 12 cee Coll. of Physicians and Surgeons 
dur cucyasnilt UL 5. (OE cre Rush Medieal Coll. 
WueelG con. (0. 10 5 ec N. Y. Homeopathic Med. 
SUsieey Vist GD: (Clase ad Cornell Univ. Medical Coll. 
BME ing [P2020 ky] a ere ee Univ. of Toronto 
JMGYSE RSs) 1 os Jefferson Medieal Coll. 
SA GLE, Ur oo ee Western Reserve Univ. 
LAG EIPCS, 10 0000-029 eas Ae ee es N. Y. City 
Jegehgzue, (01.2.4 Budapest, Hungary 
LOTS a J rr Western Reserve Univ. 
JAE CS OO rr N. Y. State Dept. of Health 
Alesereyy Syne) 100. ks ane nee ee a Stanford Uniy. 
Wey: dy Cr cr Cornell Univ. Medical Coll. 
deeiteiiig, 18) UM). inh ce a eee Western Reserve Univ. 
QUERGG | Loo nn le rae State Univ. of Iowa 
Guoyetloy “Oho er ee ae Louisiana State Univ. 
Ware ioe MA) a In ar Epidemic Prevention Bureau, China 
Abgraicay(e) 215. C1 ee a McCormick Inst., Chicago 
VNPCLG a: CaP DS) A Ge a Univ. of Missouri 
Turier eewere Ly... Meharry Medical Coll., Nashville, Tenn. 
Ubieniyse, Csi cit) S ha Presbyterian Hospital, N. Y. City 
SPER LSS, Ll) GE ee nae nm Brandon, Wis 
SMTi nts, heh gee Tulane Univ. 
Pye a re State Univ. of Iowa 
Braet Nera I aoc n snc ence Senna niece scmesaccectetanes Loyola Univ. Med. 
Sh SE Leg a ee ee Univ. of Missouri 
Welln ie 91922) fs Ae Univ. of Maryland 
LURE i Hormone Research Inst., Japan 
0 ae, Co No le a New York City 
NOPE USS ELS) 3 i Peiping Union Medical Coll. 

WT TEL ea tly California Inst. of Technology 


po ene Univ. of W. Virginia 
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Vatrnply kes Donald 7D) iscsi ti is eh yee ee ate Rockefeller Inst. 
Vieni SWingenen Ger bride messes ee ye ee pie eet era Yale Univ. 
Vets} beri ADA eek oc ied Ce aaah a ea aa | Univ. of Pennsylvania 
Vege hare brat Lasse ee teat tee a alata eel Buffalo General Hospital 
Nerderarilizabethis yi. pe eae National Inst. of Health, Washington 
NACKORVES ELM DS otc yete see eee a elt ee Conn. Agr. Exp. Station 
VACLOP AO OSO— lester eaves yA eeey Coll. of Physicians and Surgeons 
WABROUGT, 0 CF aU a Sead ee ih he en tng eat Western Reserve Univ. 
WVASSCHOT PRM ATI COM iy we hac c est at weeny a8 eens er Univ. of Minnesota 
AWcye saul bbaby UC .2y base ene eeoeerme National Inst. of Health, Washington, D. C. 
Vom el isa lA NE ee ey sees eee eee eee St. Luke’s Hospital, N. Y. City 
Wien SB ean: TP RROROT I 2. cass ata ies. cmea tad nea Barat Coll., Lake Forest, Ill 
Montiaam Sib ane ile eet cee ie oe Ohio State Univ. 
Von Oothunig ens Wives wim. er eee ae eee Wilmington, Del. 
Ade Nel soni) pei eee tlk 28 2 oils. tet ee ee St. Louis Univ. 
Wadsworth, Augustus B........02.....2--2:::-e:20s0--- N. Y. State Dept. of Health 
NWWieerslitia ta Gia tenes Sle ee ee ie eee Univ. of Illinois Med. 
Wialkstttvarngel (5), AGee Se se Re Soeke ee are tse N. J. State Agr. Exp. Station 
Valier? Abi Wipes 5) Sis oe an gh eet n0 ee dh ee ete Northwestern Univ. 
Wis Lk i op pes ne ek eT Ts ee ree Univ. of California 
Wiallace Georeee Deere a eee N. Y. Univ. Medical Coll. 
AW ialllariey I yeling Bier 2 Sete eee ae cee Pe ae ee ee ee Univ. of Colorado 
Wy eel Georg cae oe le cee oat roe St. Louis Univ. 
Wralton qe Cle eee ee Ol ei te ee ne eet Seas ees ae Annapolis, Md. 
Walton.) dRobent | Pixe oc eo ee oe aie ee eres Univ. of Mississippi 
Walzer Matthew ert. sonss epee photos Seer ee Brooklyn Jewish Hospital 
Wario, Chin nore sets: Fass, tte sere hanes Children’s Hospital, Cincinnati 
Wancensteen vO wem lis ool eee eee rae Univ. of Minnesota 
WWiarron: Site dg Srp tes ask coe nes meet eas) eee ae eee eee ee Harvard Med. 
TWiASTene VS fbb. 2a ee iret ee ae bet A eae ee Univ. of Toronto 
Watson Cie tee ccsee errr ata cnse Peden cee ce care ae const aecereve eters Univ. of Minnesota 
SWresirmn i agl ati ee aren Oe ete ete Lakeside Hospital, Cleveland, Ohio 
Wiebe, MCHArenee Dd) oo sk te cane ecient Univ. of Kansas Med. 
Bi pte ccs) a). eR ghee nach VONNEGUT 2 = EERE an Cornell Univ. Medical Coll. 
Webster, Ji pktte. pee ie ere en case Presbyterian Hospital, N. Y. City 
Wrobstery eg ie. 0 seo eeee te tact acted eaase ore aoa ee epee eee Rockefeller Inst. 
Wedd, wATireds Mk ee eet IR Fe ae cheese ane Univ. of Rochester 
Wreduem: Arno] dj Gee eee hee seg es sce ccna vee Univ. of Cincinnati 
Wreeckss Av Avg tee oi rccbemceeesensecaeanaranaacoreres Coll. of Physicians and Surgeons 
AWW eal Aarti ee para be ase eee see atean set cee reenter Northwestern Univ. 
Oeste cba Wel Oe) WW chee eel oS eri pect ora te mete ren rer re cease ear e Oe Yale Univ. 
Weiskotten, Permian, (is. ccsesostecerer cs canrttpenssneencoorerkenovabeboeer tere rceseuacee Syracuse Univ. 
WWieiss,. Charles tse: avageecteee = cnt veneer ener Mt. Zion Hospital, San Francisco 
bi fes (fa S11 | I miles pen Dp EMRE mek rect eA tee Re ee 3 Univ. of Illinois Med. 
NWNCEESFe Sal ED Bs yeni te ee bln nace errca a eeacrorete aedeen ere Serre tracted Columbia Univ. 
ANU STS OF ha) PIE tae seat Pe Bel ber echt deeetan oatec ber at on age capt eaceriso-pacabe Univ. of Chicago 
WG188 p SOWA pr: epesce ony vanndenceemew eenaere teeter eet eee Boston City Hospital 
G1 Oleh (1 Set UR iaane ne Acne ey Ra aap) pee een on Poe ener Columbia Univ. 
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Mempers’ List (ALPHABETICAL) 963 


ee Univ. of Michigan 
ee Peiping Union Medical Coll. 
erent rman eg Kalamazoo, Mich. 
a 2 a Towa State Coll. 
aS St. Louis Univ. 
GE on Re Univ. of Oregon Med. 
ee ee a Presbyterian Hospital, N. Y. City 
OE Le GS ene Western Reserve Univ. 
erm Stanford Uniy. 
We N. Y. State Dept. of Health 
epee Univ. of Rochester 
LE oe Stanford Univ. 
CE ce Yale Univ. 
VIE SS ri Washington Univ. 
VAS Oo re ee) Uniy. of Colorado 
VO ee te i ee Univ. of Nebraska 
Ce a renee Norris, Tenn. 
Wier California Inst. of Technology 
LE Western Reserve Univ. 
LS Creighton Univ. Med. 
OE a) be ee ee nee Columbia Univ. 
UC Highland Hospital, Rochester, N. Y. 
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ZaTisser, “A Patas SE Ne he!) Wg Es tela bs i ea be bie ee Harvard Univ. 
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New York Society 


Greater New York 

Carnegie Institute—Banta A. M., Bates R. W., Blakeslee A. F., Daven- 
port C. B., Laughlin H. H., MacDowell E. C., Ponder E., Riddle O. 

iad of the City of New York—Dawson J. A., Goldforb A. J., Har- 
row B. 

Columbia University—Barth L. G., Calkins G. N., Coulter C. B., Dunn 
L. C., Eddy W. H., Gregory L. H., Heft H. L., MacLeod G., Sherman H. C., 
Rose M. S., Woglom W. H., Wood F. C. 

Columbia University, College of Physicians and Surgeons and Allied 
Hospitals—Abramson H. A., Andersen D. H., Atchley D. W., Barach A. L., 
Bauman L., Berg B. N., Boots R. H., Chargaff E., Clark A. R., Clarke H. T., 
Copenhaver W. M., Dawson M. H., Detwiler S. R., Dochez A. R., Draper G., 
Elsberg C. A., Engle E. T., Flinn F. B., Foster G. L., Gay F. P., Geyelin 
H. R., Gies W. J., Goettsch E., Goss C. M., Gregersen M. L., Gutman A. B., 
Hanger F. M., Jr., Heidelberger M., Hopkins J. G., Jobling J. W., Jungeblut 
C., Kesten H. D., Kurzrok R., Ladd W. S., Lee F. S., Levy R. L., Lieb C. C., 
Loeb R. F., McIntosh R., Meleney F. L., Meyer K., Miller E. G., Jr., Mulinos 
M. G., Myers C. N., Olmstead M. P., Oppenheimer B. S., Ornstein G. G., 
Palmer W. W., Pappenheimer A. M., Richter M., Root, W. S., Scott E. L., 
Seegal B. C., Severinghaus A. E., Sittenfield M. J., Smetana H., Smith P. E., 
Sperry W., Steinbach M. M., Thomas A. W., Thompson R., Turner K. B., 
Victor J., Webster J. P., Weech A. A., Weiss H., Weld J. T., West R., Wil- 
liams H. B., Wollstein M., Zucker T. F., Zwemer R. L. 

Cornell University Medical College—Bagg H. J., Behre J. A., Blau N., 
Cattell M., Cecil R. L., Chambers W. H., DuBois E. F., Edwards D. J., Elser 
W. J., Ewing J., Freund J., Fry H J., Furth J., Gold H., Grace, A. W., 
Hatcher R. A., Hinsey J. C., Hannon R. R., Jackson R. W., Kahn M. C., 
Levine S. Z., Loebel R. O., Marmorsten J., Miles W. L., Milhorat A. T., Moore 
R. A., Nicholls E. E., Opie E. L., Papanicolaou G. N., Phillips R. A., Pollack 
H., Reznikoff P., Richardson H. B., Robinson G. C., Schloss O. M., Shorr E., 
Smith C. H., Stainsby W. J., Stewart H. J., Stillman R. G., Stockard C. R., 
Sweet J. E., Thro W. C., Torrey J. C., Webster B., Wright I. S. 

Montefiore Hospital—Baumann E. J., Levine M., Marine D., Perla D., 
Ringer M., Sandberg M. 

Mt. Sinai Hospital—Baehr G., Crohn B. B., Epstein A. A., Frank R. T., 
Geist S. H., Harkavy J., Hollander F., Karelitz S., Kohn J. L., Ottenberg R., 
Rothschild M. A., Schick B., Schwartzman G., Sobotka H. H. 

New York Medical College—Allen Ezra, Coombs H. C., Cope, O. M, 
Danzer C. S., Kleiner I. S., Stark M. B., Tauber H., Thoraldsen C. E., You- 
land W. E. 

New York University and Bellevue Medical College—Bakwin H., Barber 
W. H., Bodansky O., Bodo R., Brooks H., Cannan R. K., Chambers R., 
Charipper H. A., Coleman W., Co Tui F. W., DeGraff A. C., Eisberg H. B., 
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Falk K. G., Gaunt R., Gettler A. O., Goldfelder A., Goldring W., Greenwald 
I, Helff O. M., Jolliffe N. H., Falk K. G., Leviy M., Nadler J. E., 
Neuwirth I., Noble W. C., Jr., Park W. H., Peck S. M., Pellini E. J. 
Ralli E. P., Ratner B., Saslow G., Shannon J. A., Smith H. W., Stunkard H. 
W., Symmers D., Wallace G. B. 

New York Post-Graduate Medical School—Bailey C. V., Bruger M., Cohn 
M., Chace A. F., Crampton C. W., Halsey R. H., Kast L., Katayama I., Kil- 
lian J. A., MacNeal W. J., Mosenthal H. O., Marshall C., Jr., Sulzberger, 
M. B. 

Princeton University—Conklin E. G., Harvey H. N., Johnson F. H. 
Swingle W. W. 

Rockefeller Institute—Amoss H. L., Anson M. L., Avery O. T., Baker 
L. E., Bauer J. H., Beard J. W., Bergmann M., Binger C. A. L., Brown 
W. H., Claude A., Cohn A. E., Cole R., Duran-Reynals F., Flexner S., Flor- 
ence L., Francis T., Jr., Gasser H. 8., Goodner K., Greene H. S. N., Hughes 
T. P., Irwin M., Jacobs W. A., Kidd J. G., Kunitz M., Landsteiner K., Levene 
P. A., Lynch C. J., MacMaster P. D., Michaelis L., Mirsky A. E., Murphy J. 
B., Murray H. A., Jr., Northrop J. H., Olitsky P. K., Osterhout W. J. V., 
Pearce L., Rhoads C. P., Rivers T. M., Rous P., Sabin A. R., Sabin F. R., 
Seastone C. V., Shope R. E., Smithburn K. C., Steele J. M., Swift H. F., 
Ten Broeck C., Van Slyke D. D., Webster L. T. 

Rutgers University—Anderson J. F., Cole W. H., Leonard 8. L., Murray 
T. J., Nelson T. C., Starkey R. L., Waksman S. A. 

Yale University—Allen E., Anderson R. J., Baitsell G. A., Barbour H. 
G., Bayne-Jones S., Blake F. G., Burr H. 8., Chittenden R. H., Cowgill G. R., 
Cushing H. W., Dusser de Barenne J. G., Evans G. T., Fulton J. F., Gardner 
W. U., Gilman A., Goodman L., Harrison R. G., Harvey 8. C., Hussey R., 
Johnson T. B., Miles W. R., Morse A., Nicholas J. §., Orten J. M., Oughter- 
son A. W., Peters J. P., Powers G. F., Rettger L. F., Rosahn P. D., Smith 
P. K., Stone L. S., Van Wagenen G., Weinstein L., White A., Winslow C.-E. 
A., Winternitz M. C., Woodruff L. L., Yerkes R. M., Yudkin A. M., Zimmer- 
man H. M. 

Miscellaneous—Antopol W., Barlow O. W., Berg W. N., Blair J. E., 
Blatherwick N. R., Block R. J., Bernhard A., Bodansky A., Brand E., Brodie 
M., Brown R., Bullowa J. G. M., Byrne J., Cerecedo L. R., Cheney R. H., 
Clark G. W., Coca A. F., Coggeshall L. T., Collens W. S., Cunningham 
R. S., Curtis M. R., Dakin H. D., De Savitsch E., Downes H. R., Dresbach 
M., Dubin H. E., Du Bois F. S., Eggston A. A., Famulener L. W.; Ferraro A., 
Field C. W., Fishberg E. H., Forkner C. E., Frankel F. H., Freedman L., 
Gager C. S., Garbat A. L., Gardner L. U., Gelarie A. J., Goldberg 
S. A., Goldbloom A. A., Goldfarb W., Greene C. H., Harris I. F., 
Harrop G. A., Jr., Hawk P. B., Henshaw P. S., Himwich H. E., Hooper 
C. W., Huntoon F. M., Jacobsen V. C., Jaffe H. L., Kirkbride M. B., Knud- 
son A., Koch M. O., Kopeloff N., Kramer B., Kramer 8. D., Krasnow F., 
Kugelmass I. N., Kuttner A. G., Lambert R. A., Lancefield D. E., Landis C., 
Leonard C. S., Levin I., Levine P., Lichtenstein L., Loewe S., McIver M. A., 
Mackenzie G. M., Maltaner E. J., Maltaner F., Mann H., Martin S. J., 
Master A. M., Medlar E. M., Meyer A. E., Millet J. A. P., Mirsky A. E., 
Molitor H., Morrell J. A., Muckenfuss R. 8., Noble G. K., Jr., Obreshkove V., 
Oliver J., Oliver W. W., Pack G. T., Prince A. L., Quinn EK. J., Rake G. W., 
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Ray G. B., Reiner L., Richards L. B., Rizzolo A., Rohdenburg G. L., Rose A. 
R., Rosenthal L., Ross V., Rugh R., Russell W. C., Salant W., Sawyer W. A.., 
Schiff F., Schneider E. C., Schultz W. H., Schwind J. L., Seecof D., Sharlit 
H., Sherwin C. P., Sickles G. M., Smith C. A., Soffer L. J., Stekol 
J. A., Stucky C. J. Sugiura K., Thalhimer W., Tolstoi E., Torrance 
C. C., Van Allen, C. M., Vickery H. B., Vogel K. M., Wadsworth A. B., 
Walzer M., Wheeler M. W., Williams R. R., Wolfe J. M., Wright A. W., 
Wyckoff R. W. G. 


Outside Greater New York 


Alabama—Hinman EH. H. 

Arkansas—Day P. L., Sure B. 

Colorado—Boissevain C. H., Chouke’K. S., Clausen H. J., Corper H. J., 
D’Amour F. E., Draper W. B., Gustavson R. G., Hill R. M., Huddleston O. 
L., Poe C. F., Ramaley F., Wallin I. E., Whitehead R. H. 

Delaware—von Oettingen W. F. 

Florida—Coghill G. E. 

Georgia—Briggs A. P., Lamar R. V. 

Indiana—Bills C. E., Chen K. K., Clowes G. H. A., Corley R. C., Cox 
W. M., Jr., Helmer O. M, Page I. H., Powell H. M., Zerfas L. G. 

Kansas—Weber C. J. 

Kentucky—Brown L. A., Knoefel P. K., Lawson H. C. 

Maine—Little C. C., Morse T. S. 

Maryland—Johns Hopkins University—Brown J. H., Buell Mary 
V., Burky E. L., Cohen B., Eastman N. J., Ellsworth R. M., Firor W. 
M., Geiling E. M. K., Holt L. E., Jr., Jennings H. §., Katzenelbogen S., Lee 
F. C., Leonard V., Long P. H., Longeope W. T., McCollum E. V., Macht D. 
I., Marshall E. K., Jr., Marshall W. H., Martin L., Maxey K. F., Meyer A., 
Orent E., Park E. A., Pearl R., Pfeiffer J. A., Rich A. R., Snyder F. F. 

Miscellaneous—Amberson W. R., Figge F. H. J., Frobisher M., Jr., Hart- 
man, C. G., Krantz J. C., Jr., Uhlenhuth E., Walton D. C., Yeager J. F. 

Massachusetts—Boston City Hospital—Keefer C. S., Mallory F. B., 
Nye R. N., Minot G. R., Weiss S. 

Harvard University—Aub J. C., Blackfan K. D., Blumgart H. L., Cannon 
W. B., Christian H. A., Cutler E. C., Enders J. F., Ferry R. M., Fitz R., 
Forbes H., Gamble J. L., Hastings A. B., Hisaw F. L., Hunt R., Jackson 
H., Jr., Joslin E. P., Lee M. O., Menkin V., Moritz A. R., Mueller J. H., 
Parker G. H., Pinkerton H., Quinby W. C., Shear M. J., Shohl A. T., Stewart 
H. L., Stiles P. G., Strong R. P., Warren S., Wolbach S. B., Zinsser H. 

Miscellaneous—Adams A. E., Altschule M. D., Anderson W. E., Belding 
D. L., Cole E. C., Dienes L., Freeman R. G., Jr., Gilligan D. R., Glaser O. C., 
Hooker S. B., Looney J. M., Mitchell H. S., Muller G. L., Parker F., Jr., Pratt 
F. H., Pratt J. H., Rapport D., Robinson E. S., Rubin M. A., Schlesinger M. 
J., Simmons J. §., Smith G. V., Smith M., Williams J. W. 

Michigan—University of Michigan—Bean J. W., Bernthal T. G., Bunt- 
ing R. W., Christman A. A., Cowie D. W., Eckstein H. C., Edmunds C. W., 
Ferguson J. H., Gesell R., Huber G. C., Isaacs R., Kahn R. L., Lewis H. B., 
Newburgh L. H., Nicholson H. C., Novy F. G., Nungester W., Roseboom B. 
B., Soule M. H., Sturgis C. C., Weller C. V., Wilson F. N. 

Niscellaneous—Brodie M., Fine W. S., Gaebler O. H., Hartman F. W., 
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Kamm O., Kober P. A., Larkum N. W., Larson J. A., McGinty D. A., Mall- 
man W. L., Nelson W. O., Norton J. F., Patterson T. L., Pfiffner J. J., 
Sahyun M., Shiple G. J.. Smith A. H., Wenner W. F., Willis H. S., Young 
C. C. 

Montana—Cox H. R. 

Nebraska—Hill F. C., Holek H. G. O., Levine V. E., McIntyre A. R., 
Morgulis §., Pohlman A. G. , Wilhelmj C. J., Wible C. L. 

North Civitan hank B., MacNider W. deB., Perlzweig W. A., 
Sprunt D. H., Swett F. H. 

Ohio—University of Cincinnati—Fischer M. H., Jackson D. H., Shiro T., 
Wedum A. G. 

Ohio State Uniwersity—Brown J. B., Curtis G. M., Doan C. A., Durrant 
H. P., Ferguson J. K. W., Hartman F. A., Haterius H. O., Hitchcock F. A., 
Hudson N. P., Lyman J. F., Smith C. S., von Haam, H. E., Wiseman B. K. 

Miscellaneous—Collier W. D., Cullen G. E., Mirsky I. A., Peskind S., 
Spies T. D., Steinberg B., Wang C. C. 

Oklahoma—Everett M. R., Hellbaum A. A. 

Oregon—Allen W. F., Bae A. M., Burget G. E., Hunter W. C., Larsell 
O., Manville F. A., onme A. R., Iilocre M. M.,, Osgood K. E., Sears ies, 
West B.S. Meine R. J., We nizen R. 

Poubisivanie une of Pennsylvania—Aronson J. D., Austin J. H., 
Bazett H. C., Bronk D. W., DeRenyi G. S., Drabkin D. L., Friedman M. H., 
Goldschmidt S., Griffith J. Q., Jr., Heilbrunn L. V., Hober R., Jacobs M. H., 
Jonas L., Kolmer J. A., Krumbhaar E. B., Long C. N. H., Long E. R., Lucke 
B., Lukens, F. D. W., Lurie M. B., McCutcheon M., Mudd 8., Murphy D. P., 
Pepper O. H. P., Raiziss G. W., Ravdin I. S., Reimann §S. P., Richards A. N., 
Richardson R., Schmidt C. F., Vars H. M., Wilson D. W., Zeckwer I. T. 

University of Pittsburgh—Donaldson J. C., Guthrie C. G., Haythorn S., 
Hooker D., Kruse T. K., McEachern D., McEllroy W. S., McMeans J. 
Menten M. L., Permar H. H., Ray H. M., Richey D. G. 

Miscellaneous—Bergey D. H., Beutner R., Collins D. A., Dutcher R. 
Githens T. S., Greisheimer E., Gross P., Gruber C. M., Guerrant N. 
Hadley P., Hafkesbring H. R., Harned B. K., Hoffman G. L., King H. 
Kriss M., Larson E., Locke A. P., Marsh R. P., Medes G., Mellon R. 
Michels N. A., Moon V. H., Pemberton R., Reimann H. A., Rowntree L. 
Seibert F. B., Smith L. W., Spiegel E., Spiegel Adolf M., Thomas J. 
Tocantins L. M., Zozaya J. 

Rhode Island—Stuart C. A., Young C. C. 

South Carolina—Tauber H. 

South Dakota—Atkinson H. V. 

Tennessee—Burch J. C., Garrey W. E., Gibbs O. S., Johlin J. M., Lam- 
son P. D., Mason R. E., Robinson C. §., Smith P. W., Terry B. T., Turner 
BH. L., Wiebe A. H. 

Texas—Bodansky M., Dawson W. T., Hartman C., Hendrix B. M., Herr- 
mann G. R., Lund E. J., Moore R. M., Mullin F. J., Reed C. I., Rogers F. T. 

Utah—Johnson C. C., Freudenberger C. B. 

Vermont—Pierce H. B. 

Virginia—Cash J. R., Corey HE. L., Fischer E., Haag H. B., Horsley J. &., 
Jordan H. E., Kindred J. E., Main R. J. 

Washington—Guberlet J. E., Norris E. R., Terry B. T. 

West Virginia—Emerson G. A., Van Liere E. J. 
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Sections 


Cleveland, O., Section 


Western Reserve University—Beck C. S., Collett M. E., Crile G. W., 
Doull J. A., Ecker E. E., Ernstene A. C., Feil H., Freedlander S. 0., Ger- 
stenberger H. J., Goldblatt H., Green H. D., Gregg D. E., Gydrgy P., Ham- 
bourger W. E., Hanzal R. F., Hayman J. M., Jr., Heymann W., Hunscher 
H. A., Karsner H. T., Kline B. S., McCullagh D. R., Megrail E., Miller F. R., 
Mull J. W., Muntwyler E., Myers V. C., Quigley J. P., Reichle H. S., Scott 
R.W., Shibley G. S., Sollmann T., Todd T. W., Toomey J. A., Trattner H. R., 
Visscher J. P., Wearn J. T., Wetzel N. C., Wiggers C. J. 

Miscellaneous—Cohen M. B., Dominguez R., Glasser O., Peskind S. 


District of Columbia Section 


Armstrong C., Balls A. K., Branham S. E., Byerly T. C., Cram E. B., 
Crittenden P. J., Csonka F. A., DuVigneaud V., Dyer H. M., Earle W. R., 
Evans A. C., Falk I. §., Hess W. C., Holm C. F., Howe P. E., Kopp4nyi T., 
Leake J. P., Leese C. E., Levine B. S., Linegar C. R., McKinley E. B., 
Maloney A. H., Maver M. E., Meigs E. B., Parr L. W., Pittman M., Roe J. H., 
Roth G. B., Schwartz B., Smith M. I., Sullivan M. X., Verder E., Voegtlin C. 


Illinois Section 


University of Chicago—Adams W. E., Alving A. S., Anderson H. H., 
Andrews E., Barron E. S. G., Bloch R. G., Bloom W., Boor A. K., Brun- 
schwig A., Cannon P. R., Carlson A. J., Child C. M., Compere E., Dack G. 
M., Dick G. F., Dieckmann W. J., Domm L. V., Dragstedt L. R., Friedemann 
T. E., Gallagher T. F., Geiling E. M. K., Gerard R. W., Hamburger W. W., 
Hamilton B., Hanke M. E., Harkins H. M., Harrison R. W., Hinrichs M. A., 
Jacobs Henry R., Johnson C. A., Juhn M., Kleitman N., Kliiver H., Koch 
F. C., Koser S. A., Leiter L., Lillie F. R., Lillie R. S., Luckhardt A. B., Me- 
Lean F., Miller C. P., Jr., Moore C. R., Palmer W. L., Phemister D. B., 
Ragins I. K., Robertson O. H., Rogoff J. M., Roome N. W., Schlutz F. W., 
Still E. U., Swanson W. W., Sweany H. C., Weiss P. A. 

University of Tilinots—Arnold L., Bachem A., Bergeim O., Cole A. G, 
Cole W. H., Falls F. H., Gellhorn E., Herrold R. D., Jaffe R. H., Keeton 
R. W., Levinson §. A., Nedzel A. J., Oldberg E., Pilot I., Puestow C. B., 
Reed C. I., Roberts E., Rose W. C., Schour I., Steggerda F. R., Tanner F. W., 
Wakerlin G. E., Weiss E., Welker W. H. 

Northwestern University—Abt A. F., Alt H. L., Crandall L. A., Jr., 
Davenport H. A., Day A. A., Dragstedt C. A., Farmer C., Gunn F. D., 
Hepler O. E., Ivy A. C., Jones K. K., Jung F. T., Kendall A. I., Lueth H. C., 
Muehlberger C. W., Pollock L. F., Ranson S. W., Rhoads P. S., Simonds J. 
P., Starr M. P., Strouse S., Walker A. W., Weil A., Windle W. F. 

Niscellaneous—Bing F. C., Boyd T. E., Buchbinder W. C., Davis D. J., 
Davis M. E., Givens M. H., Gustus E. L., Hoffman W. S., Howell K. M., 
Katz L. N., Kemp J. E., Kohn R., Kunde M. M., Larson J. A., McJunkin 
F. A., Necheles H., Nielsen C., Nice L. B., Pribram E., Rosahn P. D., Schultz 
O. T., Sheinin J. J., Soskin S., Templeton R. D., Thompson W. O., Tunni- 
cliff R., Tweedy W. R., von Brand T. 
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Iowa Section 


State University of Iowa—Barer A. P., Berg C. P., Bodine J. H., Daniels 
A. L., Fowler W. M., Gibson R. B., Greene J. A., Gross E. G., Hines H. M., 
Ingram W. R., Jahn T. L., Jeans P. C., Knowlton G. C., Korns H. M., Loeh- 
wing W. F., McClintock J. T., Malamud W., Mattil H. A., Paul W. D., Plant 
O. H., Plass E. D., Smith F. M., Smith H. P., Steindler A., Travis L. E., 
Tuttle W. W., Winter C. A., Witschi H. 

Iowa State College—Becker E. R., Buchanan R. E., Fulmer EK. I., Ham- 
mer B. W., Hewitt E. A., Levine M., Melhus I. E., Nelson V. E., Smith E. A., 
Tauber O. E., Werkman C. H. 


Minnesota Section 


University of Minnesota—Amberg §S., Anderson J, E., Bieter R. N., 
Blount R. F., Bollman J. L., Boothby W. W., Boyden E. A., Burr G. O., 
Clawson B. J., Fahr G., Fitch C. P., Gortner R. A., Hansen A. H., Henrici 
A, T., Hirschfelder A. D., Jackson C. M., Kendall E. C., Keys A., King J. T., 
Larson W. P., McClendon J. F., McKinley J. C., McQuarrie I., Palmer L. &., 
Petersen W. E., Rasmussen A. T., Rosenow H. C., Samuels L. T., Sanford 
A. H., Seammon R. E., Scott F. H., Skinner C. E., Stenstrom W., Stoesser 
A. V., Visscher M, B., Wangensteen O. H., Watson C. J.. Wright H. N. 

Miscellaneous—Alvarez W. C., Essex H. E., Helmholz H. F., Higgins 
G. M., Hinshaw H.-C., Magath T. B., Mann F. C., Sheard C. 


Missouri Section 


St. Louis University—Auer J., Broun G. O., Casey A. E., Christensen K., 
Doisy HE. A., Fleisher M. 8., Franke F. E., Graves W. W., Griffith W. H., 
Hertzman A. B., Jones L. R., Katzman P. A., Kinsella R, A., Kuntz A, 
Luyet B. J., Shaklee A. O., Thayer S. A., Wade N. J., Walters O. S., 
Werner A. A. 

Washington University—Alexander H. L., Barr D. P., Bartley S. H., 
Bishop G. H., Bronfenbrenner J., Bulger H. A., Cooke J. V., Cori C. F., 
Cowdry E. V., Erlanger J., Gilson A. S., Jr., Graham EH. A., Graham H. T., 
Heinbecker P., Julianelle L. A., Key J. A., Loeb L.,. MeCordock H. A., 
O’Leary J. L., Olmstead W. H., Ronzoni E., Schmitt F. O., Scott G. H., 
Shaffer P. A., Silberberg M., Wenner W. F., White H. L. 

Miscellaneous—Hllis M. M., Gray S. H., Hogan A. G., Jorstad L. H., 
Somogyi M., Turner C. W., Uber F. M. 


Pacific Coast Section 


University of California—Alsberg C. L., Althausen T. L., Asmundson 
VY. S., Bishop K. S., Blum H. F., Brooks M. M., Brooks 8S. C., Chaikoff I. L., 
Cole H. H., Connor C. L., Cook S. F., Daniel J. F., Eberson F. C., Evans 
H. M., Goldschmidt R., Goss H., Greenberg D. M., Gregory P. W., Hart 
G. H., Hinman F., Hobmaier M., Holmes 8. J., Hoskins W., Jensen H. F., 
Jukes T. H., Kellogg W. H., Kerr W. J., Kleiber M., Kofoid C. A., Krueger 
A. P., Leake C. D., Lipman C. B., Lucas W. P., Lucia 8. P., Lyons W. R., 
Marshall M. S., Mettier S. R., Meyer K. F., Morgan A. F., Mudge C. S., 
Okey R. E., Olmsted J. M. D., Pencharz R. I., Perry I. H., Reed H. 8., Rine- 
hart J. F., Salle A. J.. Schmidt C. L. A., Sommer H., Sundstroem EK. E., 
Walker E. L. 

Stanford University—Addis T., Barnett G. D., Baumberger J. P., Beard 
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P., Blinks L. R., Bloomfield A. L., Clifton C. E., Danforth C. H., DeEds F., 
Dickson E. C., Dock W., Emge L. A., Faber H. K., Field J., Fluhmann 
C. F., Gray H., Hall V. E., Hanzlik P. J., Holman E., Luck J. M., Manwar- 
ing W. H., Meyer A. W., Newman H. W., Read J. M., Reichert F. L., 
Schultz E. W., Shafer G. D., Stockton A. B., Stone C. P., Storey T., Tainter 
M. L., Torrey H. B., Weymouth F. W., Whitaker D. M., Wilson R. 

Miscellaneous—Graeser J. B., Gurehot C., Koehler A. E., Langstroth L., 
Proescher F., Sansum W. D., Weiss C. 


Peiping Section 
Peiping Union Medical College—Adolph W. H., Chang H., Chen G. M., 
en T. T., Chow B. F., Chu F. T., Dieuaide F. R., Feng T. P., Fortuyn 
B. D., Frazier C. N., Guy Ruth A., Hoeppli R. J. C., Hu C. H., Kronfeld 
C., Kurotehkin T. J., Lim C. E., Lim R. K., Ling S. M., Liu S. H., Ma W. 
C., Mu J. W., Sia R. H. P., Tsen E. T. H., Van Dyke H. B., Wen I. C., Wu 
H., Zia S. H. 
Miscellaneous—Chang H. C., Cheer S. N., Hou H., Ni T., Pak C., Read 
B. E., Smyly H. J. 


Ch 
A 
FP 


Southern Section 

Tulane University—Bass C. C., Bliss S., Cohn I., Craig C. F., Cummins 
H., Duval C. W., Faust E. C., Gage I. M., Halsey J. T., Harris W. H., Hath- 
away E. S., Katz G., Laurens H., Mayerson H. S., Matas R., Menville L. J., 
Musser J. H., Jr., Ochsner E. W. A., Seott L. C., Silverman D. N. Turner 
R. H. 

Miscellaneous—Ashman R., Beard H. H., Bodansky M., Brooks C., 
Burdon K. L., Carmichael E. B., Dawson W. T., Decherd G. M., Herrmann 
G. R., Keller A. D., Kemp H., Moore R. M., Nelson E. E., Reynolds C., 
Tripoli C. J., Walton R. P. 


Southern California Section 


University of California at Los Angeles—Allen B. M., Ball G. H., Beek- 
with T. D., Bellamy A. W., Dunn M. S., Fearing F., Gengerelli J. A., Schecht- 
man A. M., Sponsler O. L., Young W. G. 

University of Southern California—Baldwin F. M., Butt E. M., Butts 
J. S., Deuel H. J., Drury D. R., Hall E. M., Hoyt A. P. S., Kessel J. F., 
Lamson R. W., Lindegren C. C., MeKibben P. S., Thienes C. H. 

Miscellaneous—Alles G. A., Ball H. A., Bogen E., Borsook H., Burrows 
M. T., Fox D. L., Gilchrist F. G., MacKay E. M., Moberg E. G., Morgan 
T. H., Nathanson M. H., Oslund R. M., Sumner F. B., Van Harreveld A., 
Wiersma C, A. G., ZoBell C. E. 


Western New York Section 


University of Buffalo—Atwell W. J., Bowen B. D., Dolley W. L., Jr., 
Edwards J. G., Emery F. E., Griffith F. R., Hubbard R. §8., Humphrey R. R., 
Vaughan S. L., Witebsky E., Youngburg G. E. 

Cornell University—Asdell S. A., Dukes H. H., Dye J. A., Hagan W. A., 
Hayden C. E., Liddell H. S., Maughan G. H., Maynard L. A., Norris L. C., 
Rahn O., Romanoff A. L., Sharp P. F., Sherman J. M., Stark C. N., Sumner 
J. B. 

University of Rochester—Adolph KE. F., Berry G. P., Bloor W. R., Brad- 
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ford W. R., Burns R. K., Jr., Carmichael L., Claussen S. W., Corner G. W., 
Fenn W. O., McCann W. S8., McCoy O. R., Morton J. J., Murlin J. R., Pearse 
H. E., Reynolds 8S. R. M., Seott W. J. M., Wedd A. M., Whipple G. H., 
Willier B. H. 

Syracuse University—Brewer R. K., Dooley M. S., Hegnauer A. H., 
Knowlton F. P., Mitchell O. W. H., Robb J. S., Weiskotten H. G., Wilson 
J. R. 

Miscellaneous—Butcher E. O., Chidester F. E., Pinner M., Thomas W. S., 
Willams J. R. 


Wisconsin Section 


University of Wisconsin—Bast T. H., Bradley H. C., Bunting C. H., 
Casida L. E., Clark P. F., Cole L. J., Duggar B. M., Hyster J. A. E., Gilbert 
E. M., Guyer M. F., Hart E. B., Hastings E. J., Irwin M. R., Keitt G. W., 
Lorenz W. F., Meek W. J., Meyer O. O., Meyer R. K., Middleton W. S., 
Nichols M. S., Parsons H. T., Reynolds C., Seevers M. H., Sevringhaus EH. L., 
Stovall W. L., Sullivan W. E., Tatum A. L., Walton D. C., Witzemann E. J. 

Miscellaneous—Beckman H., Bock J. C., Carey E. J., Green R. G., Hans- 
mann G. H., Quick A. J., Swindle P. F., Turner R. G. 


Foreign 


Australia—Davies H. W. 

Austria—Bruecke EH. 

Belgiwm—Dautrebande L., Heymans C. 

Canada—Babkin B. P., Banting F. G., Boyd E. M., Browne J. S. L., 
Cameron A. T., Caulfeild A. H. W., Collip J. B., Cruickshank E. W. H., Fitz- 
gerald J. G., Holman W. L., McHachern Donald, Markowitz J., Meakins J., 
Oertel H., Penfield W. G., Selye H., Sinclair R. G., Tisdal F. F., 
Wasteneys H. 

Canal Zone—Shilling C. W. 

Czechoslovakia—Krizenecky J. 

Denmark—Fischer A., Fridericia L. S. 

England—Gaskell J. F., Liu 8. H. 

France—Funk C., Harde E., Miller H. M., Jr., Plotz H. 

Germany—Erdman R., Mueller E. F., Thomas K. 

Hungary—Scheff G., Tomesik J. 

India—Linton R. W. 

Japan—Katayama I., Uyei N., Yatsu N. 

Norway—Birkhaug K. E., Salvesen H. A. 

Palestine—Kligler I. J., Zondek B. 

Philippine Islands—Sherman H. EH. 

Puerto Rico—Cook D. H. 

Russia—London EH. 8. 

Scotland—Clark A. J., Greenwood A., Muller H. J. 

Switzerland—Asher L. 

Syria—Dennis HE. W., Miller G. H. 


